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SECTION  I 


INTRODUCTION 

The  study  of  the  propagation  of  pressure  waves  in  a  viscous  fluid  contained 
in  an  elastic- tube  has  a  long  history^  going  back  at  least  as  far  as  the  work  of 
Wltzig*  (1914)  Be  derived  an  ax^proxlmate  solution  of  the  equations  of  viscous 
fluid  motion,  neglecting  the  non-linear  terms,  and  deduced  a  "frequency  equation" 
from  which  he  derived  an  approximate  formula  for  the  wave-velocity  in  terms  of 
the  thickness  and  radius  of  the  tube,  its  elastic  constants,  the  viscosity  of  the 
liquid,  and  the  frequency.  Karreman,  in  1962,  extended  Wltzlg's  analysis  to  in¬ 
clude  -the  flexural  rigidity  of  the  tube,  and  gave  (without  explanation  of  the  way 
in  which  it  was  derived)  an  approximate  formula  for  the  variation  of  pulse  velocity 
in  a  given  tube  with  frequency  and  viscosity. 

In  1954,  Morgan  and  Klely  reviewed  this  work,  and  also  publications  by  Lambossy 
(1951)  and  Branson  (1945).  They  pointed  out  a  niimber  of  errors,  the  main  one  being 
a  neglect  of  the  surface- traction  exerted  on  the  inner  wall  of  the  tube  by  -the  vis¬ 
cous  drag,  and  derived  a  frequency  equation  identical  (except  for  notation)  with 
that  derived  by  the  author  at  about  the  same  time  (Womersley  1955a) •  They  also 
gave  two  approximate  formulae  for  the  wave-velocity,  characterized  by  them  as  so¬ 
lutions  for  "large"  and  "small"  viscosity.  These  are  more  precisely  described  as 
solutions  for  large  ahd  small  values  of  the  Important  non-dimensional  parameter 
characterizes  the  motion  of  the  liquid. 

« • 

where  R  is  the  radius  of  the  tube,  n  is  the  circular  frequency  (l.e.  the  fre¬ 
quency  in  cycles  per  second  multiplied  by  Zrr)  and  v  is  the  klnemetlc  viscosity 
of  the  liquid.  In  their  concluding  paragraph  they  extended  their  approximate 
formulae  to  take  account  of  Internal  damping  in  the  wall  of  the  tube  by  replacing 
its  elastic  constants  by  complex  quantities  whose  Imaginary  parts  were  proportional 
to  the  frequency. 

« 

All  this  earlier  work  was  focussed  on  the  problem  of  deriving  approximate  ana¬ 
lytical  formulae  for  the  velocity  of  propagation.  Morgan  and  Klely  also  gave 
approximate  formulae  for  the  damping  coefficient  for  large  and  small  a.  It  Is, 
however,  the  results  for  values  of  a  which  lie  between  these  limits  that  are  of 
the  greatest  Interest  in  studying  the  conditions  In  the  larger  arteries.  The  pulse 
velocity  is  reduced  by  reason  of  the  liquid  being  viscous,  and  the  amount  by  which 
it  is  reduced  depends,  not  on  the  viscosity  alone,  but  on  a. 
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In  none  of  this  earlier  work  was  any  attempt  made  to  study  the  motion  of  the 
liquid  itself. 

The  present  work,  which  began  with  the  study  of  the  motion  of  the  liquid  as 
its  main  object,  now  stands  as  the  first  reasonably  complete  theory  of  flow  in  the 
larger  arteries,  in  the  sense  that  the  consequences  of  assuming  a  simple  elastic 
tube  model  have  been  fairly  well  explored.  This  is  the  first  time  that  the  theory 
of  the  velocity  of  wave-propagation,  the  pressure-flow  relationships  for  the 
motion  of  the  liquid,  and  the  pressure-diameter  relationship  have  all  been  exhibited 
explicitly  as  parts  of  a  single  logical  structure.  The  whole  of  this  work  is  orig¬ 
inal,  in  the  sense  that  it  was  all  derived  Independently  by  the  author,  but  two 
of  the  results  are  not  "new".  The  formula  for  oscillatory  flow  in  a  rigid  tube 
has  been  published  several  times,  from  1929  onwards.  The  correct  form  of  the 
"frequency  equation"  was  published  by  Horgan  and  Klely  some  six  or  eight  months 
before  it  was  published  by  the  author  in  1955.  The  rest  of  the  work  is  both  ori¬ 
ginal  and  "new",  except  for  a  trifling  anticipation  by  Morgan  and  Klely  in  a  sug¬ 
gested  use  of  complex  elastic  constants  for  a  tube  with  Internal  damping,  and  by 
Morgan  and  Ferrante  in  respect  of  the  modification  of  the  equations  when  the  tube 
has  "added  mass". 

The  main  value  of  this  work  lies,  it  is  believed,  in  its  endeavor  to  show 
that  the  thin-walled  elastic  tube  can  be  used  as  a  rough  working  model  of  the 
artery,  and  that  from  this  model  can  be  deduced  a  number  of  relationships  between 
observable  quantities  that  can  be  tested  experimentally.  One  broad  general  result 
is  of  prime  Importance  to  the  physiologist  who  may  wish  to  make  use  of  it. 

The  relationships  which  are  susceptible  to  experimental  verification  show  only 
marginal  differences  for  a  wide  variation  in  the  parameters  representing  added  mass 
and  longitudinal  constraint.  The  variations  for  changes  in  the  Poisson's  Ratio 
of  the  wall  are  somewhat  greater,  but  this  is  not  a  disposable  constant,  since  its 
value  for  arterial  tissue  is  known  to  be  one-half.  The  relationship  between  pres¬ 
sure  and  diameter, does,  however,  provide  a  critical  test  for  the  presence  of  inter¬ 
nal  damping.  If  variation  in  diameter  shows  a  phase-lag  behind  variation  in  pres¬ 
sure,  internal  damping  is  present.  Furthermore,  if  it  follows  the  simple  law  used 
here,  the  phase-lag  will  be  proportional  to  the  frequency.  It  seems  very  probable 
that  the  best  model  to  use,  in  practice,  will  be  the  limiting  condition  of  heavy 
loading  and  stiff  longitudinal  constraint,  with  seme  Internal  damping  in  the  wall, 
should  it  be  indicated  by  experimental  measurements  of  pressure  and  diameter  vari¬ 
ations.  For  such  a  model, all  the  observable  relationships  take  their  simplest  form. 
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There  Is  another  aspect  of  this  problem  which  deserves  mention^  in  view  of 
its  importance  in  the  study  of  the  circulation  in  the  smaller  vessels*  Blood  is  a 
suspension  of  particles  of  finite  size,  and  the  question  naturally  arises;  how  far 
is  it  reasonable  to  treat  it  as  a  liquid  of  uniform  composition  with  constant  vis¬ 
cosity?  Verbal  discussion  with  a  number  of  physiologists  (McDonald^  Pappenhelmerj 
BayllsS)  Edholm)  indicated  some  divergence  of  opinion,  but  there  seemed  to  be 
agreement  that  in  the  major  arteries  the  effect  of  the  finite  size  of  the  corpus¬ 
cles  ml^t  well  be  small,  though  Pappenheimer  mentioned  some  unpublished  work  by 
Coulter  and  himself  that  seemed  to  indicate  that  for  oscillatory  motion  the  vis¬ 
cosity  of  blood  Increased  with  frequency.  This  may  well  have  been  an  erroneous 
impression.  Recent  experiments  by  Stacy,  soon  to  be  imbllshed,  indicate  that  the 
viscosity  of  blood  is  reasonably  constant  in  oscillatory  motion  in  a  glass  tube. 
There  is,  however,  a  firm  opinion,  widely  held  by  physiologists,  that  the  red 
cells  in  the  blood  are  drawn  towards  the  centre-line  of  the  artery.  Since  the 
viscosity  of  the  blood  varies  markedly  with  the  concentration  of  red  cells  (from 
0.0156  for  plasma  to  an  upper  limit  of  0.04)  it  was  suggested  to  the  author  that 
this  study  should  Include  the  condition  in  which  there  is  a  thin  layer  of  liquid 
of  lower  viscosity  than  the  rest  in  contact  with  the  inner  wall  of  the  tube,  l.e.. 
In  which  fi  -  iiof  say,  from  the  centre  of  the  tube  to  some  radius  ri,  and 
when  r  >  ri  ,  with  a  discontinuous  change  in  viscosity,  iii  being  less  that  ^o> 
The  analysis  is  Included  here  (in  Section  V)  being  completed  only  for  the  limiting 
condition  when  the  layer  is  of  Infinitesimal  thickness.  For  this  limiting  condi¬ 
tion  the  effect  is  very  small.  It  seems  reasonable  to  classify  this  as  one  of  the 
possible  refinements  of  the  theory  that  must  await  further  progress  in  experimental 
techniques. 

In  presenting  this  work,  it  seemed  best  not  to  attempt  to  maintain  a  rigid 
dichotomy  between  the  mathematical  theory  and  the  physiological  problem  which  has 
been  both  its  incentive  and  its  justification.  To  do  so  would  destroy  the  essen¬ 
tial  unity  of  the  work  and  would  give  a  false  iiiq)resslon  of  the  way  in  which  it 
was  done. 
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Grateful  acknovledgnent  Is  made  of  the  support  given  to  this  work  hy  the  Med¬ 
ical  Research  Council  of  Great  Britain  hy  providing  a  Personal  Research  Grant  from 
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It  is  a  particular  pleasure  to  record  the  friendly  collaboration  and  criticism 
of  Br.  D.  km  McDonald,  Reader  in  Physiology  at  Bart's,  who  not  only  first  intro¬ 
duced  the  author  to  this  fascinating  problm,  but  also  helped  him  to  acquire  some 
of  the  experimentalist's  "feel"  for  the  physical  conditions  in  many  small  ways, 
hard  to  define,  but  nonetheless  real*  This  work  Itself,  will,  it  is  hoped,  be  re¬ 
garded  as  the  successful  result  of  an  experiment  in  inter-disciplinary  cooperation. 
It  demonstrates  that  the  successful  application  of  mathematics  to  biological  pro¬ 
blems  is  not  to  be  found  in  13ie  study  or  the  library.  An  essential  condition  for 
success  is  that  the  mathematician  must  get  the  "feel”  of  the  problem  by  personal 
contact  and  discussion  with  the  physiologist,  and  must  at  the  same  time  have  suf¬ 
ficient  professional  stauiding  to  maintain  a  critical  attitude.  If  the  mathemati¬ 
cian  is  merely  a  Junior  hired  "to  do  the  mathematics"  there  will  be  no  progress. 

If  he  is  a  Professor  In  another  department  to  whose  Olympian  presence  problems  are 
brought,  some  interesting  mathematics  will  be  done,  but  it  will  lack  point  and  ' 
substance  from  the  physiologist's  point  of  view.  The  history  of  past  att^npts  at 
the  solution  of  this  very  problem  is  full  of  such  examples.  It  would  seem  that 
progress  is  likely  to  depend  on  the  occurrence  of  happy  accidents  of  the  sort  that 
led  to  the  work  described  here. 
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SECTION  II 


OSCILLATORY  FLOW  OF  A  VISCOUS  LIQUID 
IN  A  STRAIGHT,,  RIGID,  CIRCULAR  TUBE 

The  flow  of  a  viscous  liquid  In  a  long,  straight,  circular  tube  under  the  in¬ 
fluence  of  a  periodic  pressure  gradient  seems  to  have  been  first  investigated  by 
Richardson  and  Tyler  (1929)  and  by  Sexl  (1930) •  If  the  tube  is  sufficiently  long 
in  relation  to  its  diameter,  there  will  be  no  radial  motion  of  the  liquid,  and  the 
velocity  along  the  tube  (w)  will  be  Independent  of  the  dlstcmce  (z)  along  the  tube. 
The  exact  equation  will  then  be 

9w  ^  +  \i^°w  +  1  9w\ 

9t  p  9z  \9r°  r  9r/ 

in  which  -^1-  must  be  Independent  of  z,  since  w  is  so. 
plied  pressure  gradient 


-  It  ■ 


Writing  w  =  w^e^“*,  the  equation  becomes 


^  1  dwi  in 


d  r2  r  dr 


V  H 


We  now  throw  this  into  non-dimensional  form  by  writing  y  =  r/R,  R  being  the 
radius  of  the  tube.  Equation  2.3  may  then  be  written 

dgWij.  1  dwi  .,^8  ^  AR®  qa 

Yn  which  has  been  written  for  R°n/v.  The  quantity  a  is  a  non-dimensional 
parameter  which  characterizes  the  form  of  the  motion.  The  solution  of  2.4  appro¬ 
priate  to  the  boundary  conditions  is 


Jo(«yi 

Jo(aia/g 


and  therefore 


inoi’*!  Jo(ais'8) 


^  int 

J  ' 
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or,  inserting  the  value  of  a 


the  simpler  form 


» 


w  « 


A 

inp 


)1  ^  i„t 

Jo(0ll*^  “)  J 


2.7 


A  formula  essentially  the  same  as  the  real  part  of  2.7  when  A  is  real  was 
published  by  Egaml  (1944)  and  again  by  Lamb^ssy  (1953) .  Lambossy  also  gave  a  for> 
mula  for  the  viscous  drag.  He  and  Thurston  (1952)  who  studied  the  problem  at  about 
the  same  time,  were  concerned  with  the  effect  of  fluid  resistance  on  the  frequency- 
response  of  measuring  Instruments. 


The  limiting  forms  of  this  solution,  for  both  large  and  small  a,  are  well 
known, (Richardson  and  Tyler  1929).  Let  the  pressure  gradient,  in  real  form,  be 
Hcos(nt-q>)  For  small  a 

UR^ 

w  =  (1  -  y°)  cos  (nt  -  (p) . 


For  large  a, 


w 


[ 


sln(nt-(p) 


-i/a  -a(l“y)/'i^ 
y  e  sin 


!  nt-®— ^ 


Richardson  and  Tyler  (1929)  were  Interested  in  the  asymptotic  form  of  the 
motion  at  very  large  values  of  d,  l.e.,  at  sonic  frequencies  in  air.  They  meas¬ 
ured  the  mean  square  velocity  at  various  distances  from  the  centre  of  the  tube, 
found  the  position  of  the  maximum  (which  is  near  the  wall  in  these  conditions)  and 
compared  it  with  that  predicted  with  the  theory,  finding  good  agreement. 


If  2.7  is  to  be  used  to  calculate  the  velocity-distribution  across  the  tube, 
the  conventional  method  of  separating  the  Bessel  Functions  into-  their  real  and 
Imaginary  parts  leads  to  very  clumsy  formulae.  A  simpler  mental  picture  of  the 
motion  is  provided  by  using  them  in  modulus  and  phase  form.  Tables  are  available 
(McLachlan,  1941}  Dwight,  194i,  Jahnke  and  ^de  1938)  of  Ho  and  @o}  where 

Jo(xi®'^’*)  =  Mo(*)  ei^o(3c) 


and  therefore  2.6  may  be  written 


w  = 


AR 

ilia' 


1^1 .  h,."’*'’! 


where  6o  =  0o  (®)  “  ©o  (*y)  ho  =  Mq  (cey)' /ilo  (<*)  • 


If  we  write 

'  'll  +  ho  -  2hocos6o 
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then 


so  that  for  an  applied  pressure  gradient  llcos(nt-q>)  the  corresponding  velocity 
distribution  across  the  tube  will  be  given  by 

^  MR*  Mo  ,  ,  *  ^  , 

w  =  sin  (nt  -  (p  +  So)  2.9 

A  group  of  representative  velocity-profiles  of  this  type  of  motion  Is  shown 
In  Fig.  1.  The  values  of  a  for  the  four  sets  of  profiles  (each  set  covers  half 
a  cycle)  are  3.34  for  Aj  4.72  for  5.78  for  C,  and  6*67  for  D.  The  decrease 

In  overall  velocity  with  Increasing  and  the  flattening  of  the  profile,  can  be 

clearly  seen.  An  experimental  verification  of  the  velocity-profile  In  a  rigid  tube 
has  been  published  by  Muller,  who  measured  the  velocity  with  a  Pitot  tube  in  a 
large-scale  model  at  a  =  6.43.  His  curves  are  very  similar  to  Fig.  l.D. 

The  rate  of  flow,  Q,  Is  given  by 

Q  *  2»m  /  wydy  2.10 


and  Integration  of  2.6  gives  at  once 


Q  ■=  rrR’* 


so  that  the  average  velocity  across  the  tube  Is 

;  -  -A-  /  1  >  e*"* 

inp  \  oUo(ai^  ’>  J 

and  for  a  pressure-gradient  Mcos(nt-(p)  the  volume  of  flow  Is 


Q  .  •  sln(nt  -  jp  +  e'io  ) 

in  which.  If  2Ht/olMo  *  hjo  and  6io  “  135°  -  9i  (a)  +’9o(a) 


Tan  6,0“ 


1 1  ^  h^Q  —  2h,QCOs6,Q 
hioSln6to 

1  —  hiosln6,p  . 


WADC  TR  56-614 


7 


Flg.l  Velocity  profiles,  at  Intervals  of  15®,  of  the  flow  arising 

from  a  sinusoidal  pressure  gradient  In  a  straight  rigid  tube 
A,  a  »  3.34,  B,  a  «  4.72,  C,  a  »  5.78.  D,  a  -  6.67. 


The  quantities  Hio)  Mio/®  £i<j  have  been  tabulated  by  the  Mathematics 

Division  of  the  National  Physical  Laboratory,  for  the  ranges  a  ”  0, (0*05) 10* 
These  are  reproduced  here  as  Tables  I  and  II.  For  values  of  a  greater  than  10 
there  are  s'lmple  asymptotic  expressions  which  can  be  derived  troa  the  asymptotic 
expansions  for  the  Bessel  J\inctlons.  These  are 


+ 


19 

24 


2.14 

2.15 


The  way  in  which  the  rate  of  flow  falls  off  as  a  increases  is  best  shown  by 
a  graph  of  the  ratio  of  the  m«uclmum  flow  during  the  cycle  to  the  Polseullle  flow 
which  would  result  from  the  same  pressure-gradient,  if  constant.  We  have 


Qsteady 


and  this  ratio  is  plotted,  against  a  in  Jig.  2,  together  with  a  graph  of  the 
phase-lag,  90°  -  e'io« 

If,  Instead  of  Qmax/Qsteady,  its  reciprocal,  o?  /8M^o  is  plotted  against  a‘, 
this  may  be  regarded  (by  electrical  analogy)  as  a  plot  of  the  modulus  of  the  fluid 
Impedance  against  frequency,  since  a*  is  proportional  to  the  frequency.  Such  a 
plot  is  shown  in  Fig.  3,  in  which  the  upper  curve  shows  the  variation  of  a‘/  8MIo 
with  o*.  The  lower  curve  will  be  described  in  Section  VI. 

Pressing  the  analogy  further,  one  may  take  the  quantity  ■ '  expand  separate 
it  into  its  real  and  imaginary  parts, 


sin  elo  +  1 


cos  e(o 


2.17 


The  real  part  of  2.17  may  be  regarded  aa  a  non-dimensional  fluid  resistance, 
and  its  imaginary  part  as  the  fluid  reactance,  so  that  cose'io/SHio  may  be  regarded 
as  a  non-dimensional  fluid  indue teuice.  Graphs  of  fluid  resistance  and  Inductance 
are  given  in  Figs.  4  and  6.  Here  again  the  upper  curves  are  those  for  the  rigid 
tube.  The  fluid  resistance  rises  almost  linearly  with  frequency.  The  change  in 
Inductance  with  frequency  is  small.  It  is  substantially  constant  for  large  values 
of  a. 
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TABLE  1 


o( 

Mio 

C?C 

Mio 

oC 

Mio 

oC 

Mio  o<: 

Mio 

.00 

0 

2.00 

.4125 

4.00 

.7062 

6.00 

.7909 

8.00 

.8384 

.05 

.0003 

2.05 

.4264 

6.05 

.7924 

8.05 

•8393 

.10 

.0012 

2.10 

•4400 

4.10 

.7122 

6.10 

.7939 

8.10 

.8402 

.15 

.0028 

2.15 

.4532 

4.15 

.7151 

6.15 

.7963 

8.15 

.8411 

.20 

.0050 

2.20 

.4660 

4.20 

.7179 

6.20 

.7968 

8.20 

.8420 

.25 

.0078 

2.25 

.4784 

4.25 

.7206 

6.25 

.7982 

8.25 

.8429 

•30 

.0112 

2.30 

.4905 

4.30 

•7233 

6.30 

.7997 

8.30 

.8437 

.35 

.0153 

2.35 

•5021 

4.35 

.7259 

6.36 

.8010 

8.35 

•8446 

.40 

•0200 

2.40 

.5133 

4.40 

.7285 

6.40 

.8024 

8.40 

.8454 

.45 

•0253 

2.45 

.5241 

4.45 

.7310 

6.45 

.8038 

8.45 

.8463 

.50 

.0312 

2.50 

.5344 

4.50 

.7334 

6.60 

.8051 

8.50 

.8471 

.55 

.0378 

2.55 

.5444 

4.55 

.7358 

6.55 

.8065 

8.55 

.8479 

.60 

.0449 

2.60 

.5539 

4.60 

.7382 

6.60 

.8078 

8.60 

.8487 

.65 

.0527 

2.65 

.5631 

4.65 

•7406 

6.65 

.8090 

8.65 

.8495 

.70 

.0610 

2.70 

.5718 

4.70 

.7428 

6.70 

.8103 

8.70 

.8503 

.75 

.0700 

2.75 

.5802 

4.76 

.7450 

6.75 

.8116 

8.75 

.8511 

.80 

•  0795 

2.80 

•  5882 

4.80 

.7472 

6.80 

.8128 

8.80 

.8519 

.85 

.0896 

2.85 

•5959 

4.85 

.7493 

6.85 

.8140 

8.85 

.8526 

.90 

•  1003 

2.90 

.6032 

4.90 

.7515 

6.90 

.8152 

8.90 

.8534 

.95 

•  1115 

2.95 

.6102 

4.95 

.7536 

6.95 

•8164 

8.95 

.8541 

1.00 

.1232 

3.00 

«6160 

5.00 

.7556 

7.00 

.8176 

9.00 

.8549 

1.05 

•  1354 

3.05 

•6233 

5.05 

.7576 

7.05 

•  8188 

9.05 

.8556 

1.10 

•  1481 

3.10 

.6294 

5.10 

.7596 

7.10 

•8199 

9.10 

.8564 

1.15 

.1612 

3.15 

.6363 

5.16 

.7616 

7.16 

.8211 

9.15 

.8571 

1.20 

.1747 

3.20 

.6409 

5.20 

.7636 

7.20 

.8222 

9.20 

.8578 

1.25 

•  1886 

3.25 

•6463 

5.25 

.7654 

7.26 

.8233 

9.25 

.8585 

1.30 

.2029 

3.30 

.6514 

5.30 

.7673 

7*30 

•8244 

9.30 

.8592 

1.35 

.2174 

3.35 

•  6563 

5.36 

.7691 

7.36 

.8255 

9.35 

.8599 

1.40 

.2322 

3.40 

.6611 

5.40 

.7709 

7.40 

.8265 

9.40 

•  8606 

1.45 

.2472 

3.45 

.6656 

5.45 

.7727 

7.45 

.8276 

9.45 

.8613 

1.50 

.2624 

3.60 

.6700 

5.60 

7.50 

.8286 

9.50 

.8620 

1.55 

.2776 

3.55 

.6742 

5.55 

.‘7762 

7.56 

.8297 

9.55 

.8626 

1.60 

•  2930 

3.60 

.6783 

5.60 

.7780 

7.60 

.8307 

9.60 

.8633 

1.65 

.3083 

3.65 

.6822 

5.65 

.7796 

7.65 

.8317 

9.65 

.8639 

1.70 

.3237 

3.70 

•6860 

6.70 

.7813 

7.70 

.8327 

9.70 

.8646 

1.75 

.3389 

3.75 

•  6896 

5.75 

.7830 

7.76 

.8336 

9.75 

.8652 

1.80 

.3540 

3.80 

•6931 

5.80 

.7846 

7.80 

.8346 

9.80 

.8659 

1.85 

.3690 

3.85 

.6965 

5.85 

.7862 

7.86 

•  8356 

9.85 

.8665 

1.90 

.3837 

3.90 

.6999 

5.90 

.7878 

7.90 

.8365 

9.90 

.8671 

1.95 

•  3982 

3.95 

.7031 

5.95 

.7893 

7.95 

.8375 

9.95 

.8677 

2.00 

.4125 

4.00 

.7062 

6.00 

.7909 

8.00 

.8384 

10.00 

.8684 

Linear  Interpolation  produces  an  error  not  exceeding  1  unit  In  the  last  figure 
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Tables  2  and  3  (Combined). 

Tablb  3.  MUlaf  aad  9^  tobolated  fi>r  Yilim  of  a  from  0  to  10. 


« 

•m 

B 

• 

MUlof 

« 

jfW«« 

•w 

oeo 

ei960 

8040 

940 

04866 

4448 

640 

04809 

18*66 

7*00 

04147 

11*87 

•06 

•1960 

8848 

946 

•0887 

48-88 

646 

*0997 

18*48 

7*56 

4146 

11*78 

•10 

•1900 

8840 

9-00 

•0810 

49*86 

6*10 

*0999 

18*38 

7*60 

4144 

11*70 

•15 

•1960 

80>70 

9-06 

•0809 

41-86 

6*16 

•0987 

1849 

7-66 

4149 

1141 

•90 

•1900 

o|P*wl 

9-70 

•0784 

4040 

6*90 

*0989 

17*88 

7-70 

4140 

1148 

e95 

ei900 

8040 

9>76 

04707 

8846 

6*95 

04978 

17*68 

7*76 

04180 

11*46 

•10 

•1960 

80>14 

940 

•0760 

8046 

6-80 

•0978 

17-44 

7*80 

4187 

11*87 

•16 

•1900 

0^09 

946 

•0784 

88*17 

5*86 

•0909 

17*96 

7*86 

4186 

11*99 

•00 

•1960 

8847 

940 

•0717 

87*89 

640 

•0964 

17*08 

7*90 

4184 

11*91 

•46 

•1940 

8847 

946 

•OKU 

86*60 

646 

*0960 

1640 

746 

4188 

11*14 

e60 

ei948 

8741 

840 

04886 

86*70 

640 

04966 

16*78 

8-00 

04181 

11*06 

•06 

•1918 

87*11 

M6 

•0010 

8448 

5*66 

•0969 

1646 

846 

4180 

10*98 

•00 

•1948 

8047 

8-10 

•0068 

84-18 

540 

•0648 

16*80 

8*10 

4198 

1041 

•06 

•1947 

8047 

8-16 

•0040 

8846 

546 

-0944 

ie98 

8*16 

4197 

10*84 

•10 

*1940 

86>88 

840 

•0090 

89*77 

6*10 

-0940 

1647 

8*90 

4195 

10*77 

eio 

ei944 

8446 

8-96 

04019 

8940 

6*76 

04987 

1641 

8*96 

04194 

10*70 

•80 

•19tt 

8841 

840 

•0608 

8146 

640 

•0988 

15*76 

8*80 

4122 

1048 

•86 

•1940 

88*14 

846 

•0086 

8049 

6*85 

*0980 

1541 

8*86 

4121 

10*56 

•90 

•1988 

89-89 

840 

•0679 

80*99 

540 

*0996 

15*46 

8-40 

4120 

10*40 

•06 

•1986 

8146 

840 

•0680 

9044 

5-05 

*0998 

15*89 

846 

4110 

10*49 

1>00 

0>1989 

80-66 

840 

04647 

9046 

640 

00990 

15*18 

8*50 

04117 

10*86 

1^06 

•1918 

7040 

846 

•0688 

98*68 

646 

•0916 

1544 

8*55 

4116 

10*90 

MO 

•1984 

7841 

840 

•0698 

9841 

410 

•0918 

1440 

840 

4115 

10*22 

M6 

•1918 

77-eo 

806 

•0619 

9741 

6-16 

•0910 

14-77 

846 

4114 

10-16 

1-10 

•1918 

7848 

870 

•0001 

97-09 

6*90 

•0907 

1448 

8*70 

4119 

10*10 

1^96 

ei907 

7644 

876 

04400 

98*66 

6*96 

04904 

14*00 

8-75 

04111 

1044 

MO 

•1900 

74*81 

880 

•0480 

96*10 

6*80 

-0901 

14*88 

8*80 

4110 

9*97 

I^IO 

*1188 

78«10 

846 

•0470 

9546 

6-86 

4190 

14*95 

8*86 

4100 

O-Ol 

1^40 

•1186 

7148 

840 

•0400 

95*94 

640 

4196 

14*18 

8*90 

4106 

9*85 

1^46 

•1110 

70^77 

846 

•0461 

9448 

646 

4198 

1441 

846 

4107 

0-70 

1^60 

eiloo 

0044 

440 

04441 

9448 

450 

04191 

18*80 

040 

04106 

0*70 

1^66 

•1160 

08-80 

446 

•0489 

9446 

456 

4188 

18*77 

046 

4104 

948 

1>00 

•1144 

•7-08 

4-10 

•094 

9848 

0*60 

4186 

1846 

0*10 

4108 

0-69 

1<06 

•1188 

06-70 

4*16 

•0416 

98-89 

HJtH 

IrvO 

4188 

18*54 

0*15 

4102 

9-56 

MO 

•1190 

0447 

440 

•0407 

99*98 

410 

4181 

18*48 

0*20 

4101 

0*51 

M6 

eilOT 

08-18 

896 

00800 

9944 

475 

04178 

18*89 

0*95 

04100 

0*46 

I'OO 

•1008 

0140 

880 

•0801 

99*89 

480 

4176 

18*91 

0*80 

*0009 

0-40 

1^86 

•1078 

0040 

886 

•0884 

9940 

646 

4178 

18*11 

0*86 

•0006 

9*84 

bOO 

•1088 

0040 

840 

•0876 

91*70 

480 

4171 

1840 

0*40 

•0097 

0*29 

1^06 

•1047 

6849 

846 

4800 

9140 

496 

4160 

19*00 

0*45 

•0096 

0*24 

900 

0*1081 

00-74 

440 

04889 

91*11 

7-00 

04167 

19*80 

040 

04006 

0*18 

906 

•1016 

6047 

866 

•0866 

9044 

1*06 

4166 

19*70 

0*56 

•0095 

0*18 

9>10 

•0808 

64-99 

800 

•0840 

9046 

7-10 

4168 

1940 

0*60 

*0004 

9-06 

9*16 

•0080 

6948 

806 

•0849 

9040 

7*16 

4161 

18*50 

*0008 

0*06 

9>90 

•0008 

61-77 

810 

•0886 

9006 

7*90 

4100 

19*41 

0*70 

•0099 

8*96 

9*96 

04046 

6047 

876 

04880 

10*80 

7*95 

04157 

19*81 

0*76 

04091 

8*98 

9-10 

•0097 

40>80 

440 

•0894 

10*66 

7*80 

4156 

19*99 

0-80 

*0090 

8*88 

9-86 

•0800 

48-94 

886 

•0819 

19*89 

7*86 

4168 

19*18 

0*86 

•0060 

8*84 

940 

•0801 

47*11 

440 

•0818 

1940 

740 

4151 

1944 

0*00 

*0068 

8*70 

946 

•0878 

4041 

446 

•0808 

1846 

746 

•0149 

1146 

0*06 

*0068 

8*74 

MO 

04860 

4448 

640 

04809 

1846 

7*50 

04147 

11*87 

1040 

04067 

8*60 
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Q  MAX 
Q  STEADY 


PHASE  LAC 


.  2 

(90^  -  Sio)  against  a*  for  a 


The  wide  variation  In  maximum  rate  of  flow  with  a  raises  the  question  of 
how  much  ot  Is  likely  to  vary  In  different  animals*  At  corresponding  points  It 
is  very  much  the  same  In  many  cat,  dog,  and  rahhlt*  This  Indicates  a  rough  kln- 
ematlcal  similarity  in  flow  In  all  these,  and  shows  that  the  fluctuating  flow  In 
the  great  arteries  In  these  animals  and  man  has  the  same  form,  and  differs  only 
In  scale* 

Application  of  2.13  to  the  computation  of  flow  from  an  observed  pressure  gra¬ 
dient  Is  best  made  In  an  alternative  form*  Let  the  Fourier  Series  representing 
the  pressure  gradient  be 


Aq  +  2  (A,  cosmnt  4-  slnmnt) 

a 

and  let  this,  when  written  In  modulus  and  phase  form,  be 


Ajj  +  2^  M,  cos(mnt  -  <p,) 

Then  the  contribution  to  the  flow  made  by  the  mth  harmonic  will  be 
(from  2.13) 


*  “mSTJ  Mio(a,)sln|mnt  -  +  eio(a.)j 


in  which  will  be  the  value  of  a  appropriate  to  the  mth  harmonic,  i*e*, 
a  =  dij®  where  Is  that  value  appropriate  to  the  pulse  frequency*  If  2*20 
is  expanded  it  may  be  written 


■  'Bmp  sinnt 


+  cosnt 


[a.  eio(a.)j  +  B.|Mio(ct.)8ln  elo(a,)|  j 

j^A,|Mio(ot,)  sin  eio(a,)J  ~  (o.)cos  eio(a.)|j 


Since,  however,  Mio  cos  e^o  and  Hio  sin  6,0  are  the  real  and  Imaginary 
parts  of 

1  - 

a,  i”^*Jo<a,l*'*) 

the  practical  calculation  of  flow  from  the  pressure  gradient  is  best  done  frcxn  a 
table  of  the  real  and  Imaginary  parts  of  this  function.  Write 
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c 


Then 


ll  2Ji<«.  !•/')  \ 

I  J 

fl  -  \ 

\  “Jo  («.!•' =rj 


re 


Im 


2Mi 

aUo 


cos  610 


mx 

ailc 


sin  61c 


^  7rR2  ttr 

=  Tii57r<A,C,  +  B,n^)sln  +  555)5- “  B,C^)Cosinnt 


2.21 


The  quantities  Cm  and  Dq  are  given  in  Table  4.  at  Intervals  of  0«06  in  a, 
from  (K  =  0  to  a  =  10» 

McDonald  (1955)  made  measurements  of  pressure  gradient  and  flow  in  the  femoral 
artery  of  the  dog,  the  rate  of  flow  being  obtained  from  the  average  velocity  across 
the  tube,  which  was  measured  by  following  the  motion  of  a  gas-bubble  in  the  artery 
by  means  of  high  speed  cinematography*  A  comparison  of  the  observed  rate  of  flow 
with  that  calculated  from  2*20  Is  shown  in  Fig*  6*  The  pulse-frequency  was  3  cy¬ 
cles  per  second*  The  assumed  values  for  the  other  quantities  were: 

Radius  of  artery  0*15  cm 

Viscosity  of  blood  0*04* poise 
Density  of  blood  1*05  gm*/(cm)" 

These  gave  a  value  of  a  of  3.34  for  the  fundamental*  The  agreement  between 
theory  and  experiment  Is  good,  when  one  recalls  the  drastic  nature  of  the  asstmtp- 
tlon  that  the  artery  Is  a  rigid  tube,  and  that  the  formula  contains  no  disposable 
constants* 

If  no  assumptions  are  made  about  the  viscosity  of  the  blood,  or  the  radius 
of  the  artery,  the  average  velocity  across  the  artery  can  be  calculated  from  2*20, 
If  the  density,  the  frequency,  and  the  value  of  ctf  are  known*  Treating  a, 
therefore,  as  a  disposable  constant,  a  better  fit  to  the  observations  can  be  ob¬ 
tained,  as  Is  shown  in  Fig*  7,  which  gives  the  comparison  between  observed  and 
calculated  rates  of  flow  for  a  =  2*7*  This  value  of  a  was  chosen  by  making  the 
two  curves  fit  exactly  at  the  point  of  reversal  of  flow  -  a  point  which  Is  partic¬ 
ularly  well-determined  by  the  method* 

In  the  same  investigation  McDonald  also  made  use  of  a  suggestion  made  by  the 
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authori  (Womersley  1955b)  that  the  rate  of  flow  might  be  calculated  from  the  time- 
derivative  of  the  pressure*  It  Is  well-known  that  for  a  wave-j|orm  gravelling 
without  distortion  at  a  velocity  c, 

Op  _  idpj 
“  dz  '  c  gt  I 

V-  - -  '  -* 

and  therefore  if  c  Is  known,  the  Fourier  Series  for  the  time-derivative  ceun  be 
used  to  calculate  the  rate  of  flow*  The  experimental  technique  is  simpler  than 
that  required  for  the  measurement  of  pressure-gradient,  since  a  single  pressure- 
measuring  device  may  be  used,  fitted  with  a  time-differentiating  input  to  the  am¬ 
plifier*  This  method  measures  the  amplitudes  of  the  oscillatory  terms  only,  and 
does  not  enable  the  steady  flow  to  be  checked  against  the  constant  term  in  the 
pressure  gradient*  If  there  is  any  perceptible  reflection  of  the  pulse  wave,  2*21 
Is  no  longer  true,  and  the  consequences  of  this  are  considered  in  Section  VII* 

It  is  shown  later  (in  Section  VI)  that  this  simple  rigid  tube  formula  applies 
to  an  elastic  tube  under  limiting  conditions  of  stiff  constraint,  and  the  good 
agreement  between  the  rigid  tube  formula  and  McDonald's  results  Is  admissible  as 
evidence  in  considering  whether  such  conditions  of  constraint  apply  to  the  artery* 


Comparison  of  calculated  and  observed  flow  in  the  femora] 
artery  of  the  dog. 

Broken  curve  -  observed  (McDonald  1955) • 
Continuous  curve  -  calculated  from  observed 
pressure-gradient,  a  •  2.7 


5®  W*  12?  ITO*  leo'  8K>*  840*  ZKT  300*  330*  3«f 


WADC  TR  56-614 


FIG.  7 
18 


SECTION  III 

THE  EQUATIONS  OF  MOTION  OF  THE  FHEELY-HOVING  ELASTIC  TUBE 

AND  THE 

DERIVATION  OF  THE  PULSE-VELOCITY 

In  Lamb's  paper  (1898)  "On  the  Velocity  of  Sound  In  an  Elastic  Tube  as  Influ¬ 
enced  by  the  Elasticity  of  the  Walls")  he  considered  a  compressible  Invlscld  fluid 
In  a  thln-walled  elastic  tube,  took  a  wave-equation  for  the  pressure  Inside^  and 
obtained  a  "frequency-equation"  for  the  velocity  in  terms  of  the  dimensions  of  the 
tube  and  the  elastic  constants  of  the  material.  For  a  gas  in  a  metal  tube  the  cor¬ 
rection  Is  negligible,  but  he  remarks 

"for  the  other  extreme,  e.g.,  water  In  an  India  rubber  tube,  we 
have  two  values  for  c,  (hE/2s/>o)^  *  e*^d  (B/p)  ^  °  . 

In  these  expressions  h  Is  the  thickness  of  the  tube,  a  its  radius  and  p 
its  density.  E  is  Young's  Modulus  and  B  is  E/(l-o  ‘).  where  o  is  Poisson's 
Ratio.  Pq  Is  the  density  of  the  liquid. 

♦ 

Lamb  adds  that  the  former  value  of  c  Is  the  same  as  the  velocity  of  the 
pulse-wave  as  deduced  theoretically  by  RAsal  (quoted  by  Korteweg  In  Liouville's 
Journal  In  1876).  It  Is  apparent  from  Ltunb's  results  that  if  the  wavelength  Is 
long  compared  with  the  clrcxanference  of  the  tube.,  the  velocity  Is  Independent  of 
frequency.  We  show  beJ.ow  toajt  this  does  not  hold  If  the  vlscogl^of  the  liquid 
is  taken  Into  account.  Let  R  be  the  radius  of  the  tube,  h  its  thickness,  p 
the  density  of  the  material,  Pq  the  density  of  the  liquid.  Take  the  axis  of  z 
along  the  tube,  and  let  C  be  the  displacement  along  the  cucis,  t  be  the  radial 
displacement.  For  the  elastic  constants  take  B  to  be  E/d-o*) '^as  above,  where 
E  Is  Young's  modulus  and  o  Poisson's  Ratio.  Then  the  extensions  are 

along  z,  and  radial. 

0z  *  ’  R 

The  tensions  are  P  along  z,  and  Q  radial,  so  that 
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Lamb  gives  the  equations  of  motion 

yoh  2^  «  Sb-  3.3 

9t*  9z 

8.4 

where  p  Is  the  excess  pressure  on  the  Inner  surface,  but  If  the  liquid  Is  vis¬ 
cous  there  will  be  a  surface  traction  on  the  Inner  surface  of  the  tube  due  to  vis¬ 
cous  drag,  and  eqn*  3 >3  Oust  be  modified*  If  w  Is  the  longitudinal  component  of 
the  velocity  of  the  liquid  and  u  Its  radial  component,  the  surface  traction  per 
unit  area  will  be 


3.5 


where  ^  Is  the  viscosity  of  the  liquid*  Making  this  modification  to  eqn*  3.3 
and  Inserting  the  values  of  P  and  Q  from  3*1  and  3*2  the  equations  of  motion 
of  the  tube  become 


9!S  ('9w.+  j|u\  +2.91\ 

9t?  p  hR  \9y  Oz  /  p  \9z2  R  9z  / 

9=S  p  B  /  0  9C  ^  5  \ 

sr  "  -  7  V  r  aT 

together  with  the  boundary  conditions  for  the  motion  of  the  liquid  . 


3*6 


3*7 


95  . 

u  -  _  *t  ,  -  1, 


*  '  »  ■  1- 


3*8 


3*9 


In  the  usual  notation  the  equations  of  motion  of  the  liquid  are 


9u 

9^ 

+  „§1L_ 
9*’ 

+  Tir^  = 

9z 

9°u  .  1.9u.  +  9°u  _  u  *] 

L  9r*  r  9r  9^  * 

9w 

+ 

+ 

II 

-  -l9w  +  V 

r  Sjl  +  1  Oil.  +  SfjLl 

9t 

9r 

9z 

gaz  1 

L^r®  r  9r  9z®  J  * 

together  with  the  equation  of  continuity 

9u  u  9w 

—  +  _«  +  —  =  0 

9r  r  9z 


3.10 

3*11 


3.12 
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If  a  trial  solution  Is  taken  in  which  all  the  variables  vary  as  exp[ln(t-z/c) ] , 
we  shall  be  concerned  with  the  type  of  motion  In  which  u/c,w/c  and  nR/c  are  all 
small.  It  Is  clear  from  the  equation  of  continuity  that  u,  the  radial  component 
of  velocity,  will  be  of  order  nB/c  compared  with  w,  the  velocity  along  the  tube. 
It  follows  that  the  non-linear  terms  are  in  general  of  order  l/c  ccmipared  with  the 
main  linear  terms,  and  we  therefore  neglect  the  Inertia  terms  In  the  first  approx¬ 
imation.  Let 

p  =  Pi  exp[ln  (t-z/c)], 
u  *  Ui  exp [in  (t-z/c)], 
w  =  Wi  exp [in  (t-z/c)]. 

Equations  3.10  and  3.11  reduce  to 


d“ui  1  dui  a  ,  "1.1 

dy  y  dy  y  R 


Jl  dy  ’ 


3.13 


1.  ^ 
y  dy 


+  1 


5^2 

a  w. 


c  U 


Pi 


where  the  terms  in  S^w/Qz*,  9®u/dz®,  have  been  omitted,  since 
small  (see  below) 


3.14 

n*RVc°  is 


The  equation  of  continuity  is 


1  d 


(u  y) 


InR 


3.15 


y  dy  c 

If  now  it  is  assumed  that  p,  =  AJo(ky),  where  k  is  to  be  determined,  the 
equations  of  motion  can  be  Integrated  to  give 


Wi  =  Cl 

Wi  “  Ca 


Jo(ai®^®y) 

InR^ 

^1  .T_nfv\. 

3.16 

Jo(oii®'®) 

CP 

rr-i — 77  *'0  > 

i  a  -  k 

Ji(al®'''y) 

R 

• 

3.17 

Jo(al®^  ''  ) 

M 

^  ^  ^  1 
id  -  k 

where  Ci  and  Ca  are  arbitrary  constants,  and  the  constant  Jo(ai^^^)  has 
been  Introduced  (by  analogy  with  the  simple  theory  for  the  rigid  tube)  for  con¬ 
venience.  If  these  values  of  Ui  and  Wi  are  Inserted  in  the  equation  of 
continuity  it  should  reduce  to  an  identity.  From  3.16  and  3.17 


InR 


inR 

■T-Ci 


Jo  (ai®'  ®y> 
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l°nV 

C2tl 

Rk°  . 

a 


A 

5 — r2Jo(ky)» 
1  an-  ^ 


^3^2  _J,2‘»0 


Jo(ky) 


3.18 


3.19 


21 


For  the  equation  of  continuity  to  he  satisfied  these  must  be  identical)  and  there¬ 
fore  k  =  InR/c  and  C2/C1  “  lnR/cal®'“,  so  that  Jo(ky)  becomes  Io(nR/c)  and 
J 1  (ky)  becomes  II j (nR/c) • 


At  the  highest  frequencies  likely  to  be  of  interest  in  the  tnilse-wavc)  naR2/c2 
is  small  compared  with  a°«  As  an  example)  for  the  sixth  harmonic  of  the  pulse 
frequency  of  the  dog)  n®R®/c®~  6  x  10“^  and  the  ratio  of  this  to  the  corresponding 
value  of  0®  is  about  9  x  10“*.  It  is  therefore  Justifiable  to  replace  i’o®-k®  in 
3.16  and  3.17  by  l®o®)  and  in  view  of  the  smallness  of  nR/c  to  use  the  approxima¬ 
tions  Io(nR/c)»l  and  Ii (nHy/c) =nRy/2c.  This  is  the  same  degree  of  approximation 
that  is  implicit  in  omitting  the  terms  /3z®  and  9®u/9x®  from  the  equations  of 
motion.  Inserting  these  approximations  in  the  expressions  for  the  velocity-compo¬ 
nents  ) 


Jo(ttl°^  V)  .  Aj, 

Jo(ai*  *)  po  c 


01®'  "jo 


^  y.  h.1 

(ai*^2  ) 


3.20 

3.21 


At  the  inner  surface  of  the  tube)  l.e.)  when  y  =  1) 


Poo 


3.22 


u  =  JL  .  llfi.c.  •  Fio(a)  +  3.23 

2  c  .  ,2c  PoC 

where  Fio(®)  bas  been  written  for  2Ji(ai^  *)/ai®  “joCoi®  *) ,  the  function  of  a 
which  appears  in  the  expression  for  the  rate  of  flow  in  the  simple  theory.  The 
value  of  9wi/9y  at  y  =  1  is  also  needed)  to  substitute  in  the  equations  of  motion 
of  the  tube.  Making  the  same  approximations)  this  is 


If  it  is  now  assumed  that 


•  i‘aV.,(.)  *  1  2!*! 

2  c 

S  ®  Diexp[in{t-2/c)] , 
C  =  El exp [in  t-2/c  ] , 


Ai 

PoC 


3.24 


where  Di  and  Ei  are  arbitrary  constants)  the  boundary  conditions  for  Ui  and  Wi 
become 
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in  El  =  Cl  + 


^  _  1  inR  f 

“•  s  —  I 


FioW"  C,  * 


and  the  equations  of  motion  of  the  tube  become 


-  n"Xi  = 


.„»Di  .  J--2 

r(-5-  -n-T)"-) 


In  3.28  the  term  in  9u/9z  in  3.6  has  been  omitted;  since  it  is  of  order 

n®RVc^ 

Equations  3.25-3*28  are  four  homogeneous  equations  in  the  arbitrary  constants 
A-i;  Cl,  Di,  Ei»  Eliminating  them  will  give  a» frequency  equation*  which  will  de¬ 
termine  the  wave-velocity  c  in  terms  of  the  elastic  properties  of  the  tube  and 
the  non-dimensional  parameter  a*  The  result  of  the  elimination  is 


iZ/OflC 


inR/2Poc‘ 


lnR/2c 


^^Fi 

p  hR 


n®-B//?R® 


inoB/cRiO 


in  a  B  2  /.  B  \ 

c  R  p  \  J 


\2  p  i>R  piC  2pm  cRp\/®c/j 

The  first  step  in  the  evaluation  of  this  determlncmt  is  to  make  all  the  ele¬ 
ments  non-dtmenslonal.  The  term  -  iPoVa“Fio/2phR  is  replaced  by  its  equivalent 
-inpoRFio/2Ph,  since  =  nR®,  if  now  the  first  column  is  divided  by  PoC>  the 
second  column  by  inR/c,  fourth  column  by  -in,  and  the  fourth  row  by  in,  the  deter¬ 
minant  becomes  • 


l/2Fi< 


RpoA/O  0  -B/pc® 

0  -FioRPo/2hp  -OB/pc^ 
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1-b/pc® 


At  this  stage  the  following  farther  approximations  have  been  made*  In  the 
third  row,  third  term,  n®R®/c®  has  been  neglected-  in  ccxnparlson  with  B/pc*.  This 
.  is  Justified,  since  (B/p)^  is  the  velocity  of  shear-waves  in  the  material  of  the 
tube,  and  this  will  be  greater  than  the  pulse-velocity,  so  that  B/pc“>l,  and 
n*RVc*  can  be  neglected  in  comparison  with  it.  The  first  term  of  the  fourth  row 
^^.of_..order  n“R*/c°a^  and  can  therefore  be  neglected*  If  now  we  write  k=hp/Rp^j, 

=  lgB/pc°^  and  reduce  the  order  of  the  determinant  by  replacing  the  second  row  by 
i  -  RxRow  2)  and  the  third  row  by  (Row  1  -  Row  3)  the  equation  becomes 


0  * 


which  reduces  to 


1  “  Fio 


-  4Fio  -ox 


1+ox 


(k-x) 


0  =  (1  “  a*)  (1  -  Fio)  X®-  X  {2  +  k(i  -  Fio)  +  Fio(4  -  20  )}  +  Fio  +  2k* 


3.31 


In  this  equation  k«  1  since  the  tube  is  assumed  to  be  thin-walled,  and  in  the 
application  to  the  arteries  P  -  Po« 

When  a.  -  ®>,l.e*,  as  the  viscosity  of  the  liquid  -0»  Fio“*  0  and  the  roots  of 
this  equation  tend  to  equality  with  those  of  the  corresponding  equation  which  can 
be  deduced  from  Lamb’s  equation  for  the  compressible  fluid*  An  equation  which  is 
essentially  the  same  as  3.31  has  been  given  by  Morgan  and  Kiely  (1954)  in  a  some¬ 
what  different  notation*  They  give  two  approximate  solutions,  one  for  "small  vis¬ 
cosity",  by  using  the  asymptotic  expansions  of  the  Bessel  Functions,  and  the  other 
for  "large  viscosity",  by  using  the  power  series,  but  do  not  seem  to  have  appreci¬ 
ated  the  dependence  of  the  wave-velocity  on  the  single  non-dimensional  parameter, 
a* 


The  roots  of  3.31  are  given  by 


(1  -  a®)x  =  G  ±  /{g“  -  (1  - 


where 

G  =  - +  (k/2+a-4), 

l“Fio 


3.32 


3*33 


H  =  (1  +2k)/(l-Fio)-l. 


3*34 


In  terms  of  the  notation  used  in  2*13  above,  l/(l-Fio)=  exp(-ie)/Mio  so  that 
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the  quantities  required  to  compute  the  roots  are  already  available*  Since  Fio(d) 
is  complex^  x  is  always  complex,  and  the  motion  is  either  damped  or  imstable*  The 
sign  of  arg  x  is  determined  by  that  of  arg  G,  and  since  arg  G  is  always  negative, 
the  motion  is  damped*  If  we  write 

{(1  ”  0®)x/2}*'*  =  X  -  iY*  3.35 

and  denote  by  Co  the  velocity  for  the  perfect  fluid,  i*e*,  write  Co=  (hE/2R/5o)^» 
then  if  Ci  is  the  wave-velocity,  Cq/cj  =  X  and  over  a  distance  of  one  wave¬ 
length  the  amplitude  will  be  reduced  in  the  ratio  exp(-2nY/X)*  The  quantities 
of  practical  Interest  are,  therefore,  1/X,  idiich  gives  the  ratio  of  the  velocity 
to  that  for  the  perfect  fluid,  and  exp(-2nY/X)* 

The  tables  in  Appendix  I,  which  were  ccanputed  by  the  Computation  Laboratory 
of  Harvard  University,  give  these  quantities,  together  with  those  required  for  the 
calculation  of  the  motion  of  the  wall,  for  a  range  of  values  a  =  1(0*05)10; 
k  =  0,  0*1,  0*2,  0*3,  0*4;  a  =  0>  1/4,  1/2*  They  also  contain  tables  foro-  1/3. 
k  “  -1,  -2*  -5,  -10;  which  are  discussed  in  Section  IV*  Table  4  gives  their  val¬ 
ues,  together  with  the  reduction  in  amplitude  over  a  distances  of  10  cm,  for  the 
first  four  harmonics  of  the  pulse  of  the  pulse  of  the  dog,  in  the  femoral  artery* 
They  have  been  calculated  for  k  “  0*1,  i*e*,  for  a  wall- thickness  of  one-tenth 
of  the  radius,  for  o  =  1/2  and  a  =  0  *  In  this  table,  =  exp(“2'7Y/^)  and 
"fa  “  exp  (-27ryz/X\) ,  with  z  =  10  cm* 


Table  5 


0=1/2 

o 

II 

a 

c/co 

fi 

^2 

c/Co 

f  1 

f2 

3*34 

0*914 

0*274 

0*946 

0*842 

0*132 

0*917 

4*72 

0*924 

0*472 

0*938 

0.876 

0*294 

0.900 

5*78 

0*936 

0.929 

0*894 

0*381 

0*883 

6*67 

0*942 

0*636 

0.925 

0*906 

0*442 

0*870 

The  amount  of  damping  seems  rather  large*  A  diminution  in  amplitude  of  5-6jb  over 
so  short  a  length  of  10  cm  one  would  expect  to  have  been  observed  and  remarked 
upon,  but  until  more  accurate  observations  are  available  it  is  not  possible  to  say 
with  certainty  that  this  degree  of  damping  is  greater  than  that  which  exists  in 
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the  arterial  systems  In  practical  observation  it  might  well  be  masked  by  the 
change  in  shape  of  the  pulse  as  it  travels*  Figure  9>  which  shows  the  relation¬ 
ship  between  a  and  exp (-2nTf/X) ,  illustrates  how  much  greater  the  damping  is  for 
the  smaller  values  of  a  •  Figure  8*  which  shows  l/X  =  c/cq  against  dy  demon¬ 
strates  that 


9. 


I  2  34  56  78910 

et 

Flg«8  Ratio  of  wave-velocity  to  that  for  an  Invlscld  fluid  as  a 
function  of  dy  for  a  wall-thickness  ratio  of  0*1  and 
Poisson’s  Ratios  of  0*5,  0*25;  0* 

for  values  of  a  greater  than  3,  which  are  those  of  greatest  practical  interest* 
the  change  in  velocity  with  a  Is  quite  small*  being  somewhat  larger  the  smaller 
is  the  value  of  a*  Since  the  wave-velocity  varies  with  frequency,  energy  will  be 
transmitted  with  the  group-velocity,  and  it  is  the  group-velocity  that  will  be  ob¬ 
served  when  the  pulse-velocity  is  measured.  If  a  wave-motion  is  described  by  the 

form  exp[i(nt-mz)] ,  the  group  velocity  c  is  given  by  c  =  dn/dm.  in  terms  of  a 

K  g 

and  X  this  may  be  written 

£0  =  5°  _  JL  ^  Y 

Cg  Cj  \  2X  da  y 

The  analytical  form  for  dX/da  is  unsuitable  for  computation*  Figure  8 
shows  a  graph  of  log  X  against  log  a,  and  since 
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8iir 

e“  * 


Fig*  9  Attenuation  of  wave  amplitude  over  one  wave-length  as  a 
function  of  a  )  for  the  same  conditions  as  Fig*  8* 
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il_  ®  =  dQog  X) 
X  da  d(log  a) 


It  ±8  possible  from  this  to  estimate  Its  magnitude.  It  will  be  seen  from  the 
graph  that  for  those  values  of  a  which  apply  to  the  femoral  artery  (3'^a<7)> 
d(log  X)/d(log  o)  is  about  -  0.045»  so  that  for  these  conditions  c^/c^  is  about 
0.98}  so  that  the  difference  is  only  25?*  and  over  the  range  o  *  3  to  0*4 
is  certainly  never  more  than  Until  accurate  measurements  of  pulse-velocity 

are  made  over  short  lengths  of  artery,  this  effect  is  not  likely  to  be  worth 
taking  into  account. 
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SECTION  IV 

THE  MODIFICATION  OF  THE  EQUATIONS  OF  MOTION 

FOR 

ADDITIONAL  MASS,  ELASTIC  CONSTRAINT,  AND  INTERNAL  VISCOUS  DMPING 


As  a  model  of  the  mammalian  arteries,  the  freely-moving  elastic  tube  is  inade¬ 
quate  in  a  number  of  ways*  As  will  be  seen  later,  when  the  motion  of  the  liquid 
and  the  pressure-diameter  equation  is  discussed  in  detail,  it  predicts  a  longitu¬ 
dinal  motion  of  the  wall  which  is  almost  certainly  too  large  to  be  practicable,  and 
has,  in  fact,  never  been  observed*  It  is  known  that  the  arteries  are  attached  to, 
and  supported  by,  other  tissues*  It  is  also  known  that  the  material  of  the  wall 
is  not  perfectly  elastic*  Lawton  (1954)  has  demonstrated  that  it  has  considerable 
internal  damping* 


No  very  drastic  change  in  the  equations  is  needed  to  take  account  of  these 
factors  in  a  simple  manner*  Morgan  and  Ferrante  (1955)  showed  that  if  the  tube 
has  additional  mass  attached  to  it  which  takes  no  part  in  the  elastic  deformation 
the  form  of  the  equations  is  unchanged*  It  was  assumed  by  them  that  this  addition¬ 
al  mass  is  uniformly  distributed  and  is  cylindrical  in  shape*  The  only  modifica¬ 
tion  required  is  that  the  thickness  of  the  tube,  h,  be  replaced  by 

H  =  h  ^1  +  ^  4.1 

where  hj.,  Pj.,  Ri  are  the  thickness,  density,  and  mean  radius  of  the  added  mass* 


If,  together  with  this  additional  mass  we  now  introduce  an  elastic  constraint 
of  natural  frequency  m/27t  to  reduce  the  longitudinal  motion  of  the  wall,  the 
equation  of  motion  for  the  longitudinal  displacement  becomes 


H  +  m“£  =  -  ^ 


Jl-  ( ^  +  £ 

^  \®y/y=l  HP  \9p  ^  R 


If  this  equation  is  used  Instead  of  its  counterpart  in  the  freely-moving  tube, 
the  form  of  the  frequency  equation  is  unchanged*  The  only  modification  required, 
is  a  change  in  the  definition  of  k,  the  wall-thickness  ratio,  which  is  replaced 


Thus  if  the  frequency  of  the  oscillation  is  the  same  as  the  natural  frequency 
of  the  constraint,  k'  =  0  and  the  tube  behaves  as  though  it  had  no  mass*  If  m>n, 
k'  is  negative,  and  if  m»n,  l.e,,  if  the  constraint  is  very  stiff,  and  tiie  added 
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mass  large;  k  -•  ”  ®  and  the  frequency  equation  reduces  to 


so  that 


or 


and  for  a  “  1/2, 

•'Ta  '2 

»  27rtan  ^  4,9 

X  2 

Graphs  of  these  quantities  are  shown  In  Figs.  11  and  12.  The  curves  for  k  ®  0, 

0  =  1/2  and  k  *  0.2;  a  -  l/2»  are  shown  for  comparison.  Althou^  the  asymp" 
totlc  value  of  c,  for  the  constrained  tube  Is  I.15  Cq,  this  value  Is  attained 
very  slowly;  and  for  moderate  values  of  a,  Ci  *  Cq;  approximately  for  all  a  >  4. 

All  three  curves  coincide  for  a  <  2,  and  that  for  the  constrained  tube  is 
higher  than  the  other  two  when  0  >  2.  For  small  k;  the  variation  of  c/cq  with 
a  is  not  sensitive  to  variations  in  k. 

Turning  now  to  the  modification  of  the  ecpiatlons  to  take  account  of  internal 
damping  In  the  wall  of  the  tube;  a  simple  way  of  doing  this  was  proposed  by  Morgan 
and  Kiely  (1954) .  They  replaced  the  elastic  constants  of  the  material  by 

Eg  “  E  -  in  E'  4.11 

*=  a  -  In  o'  4.12 

And;  substituting  these  Immediately  into  their  approximate  formulae  for  the  wave- 
velocity;  demonstrated  the  effect  to  be  expected  from  these  modifications  -  an 
increase  in  damping;  and  a  reduction  in  velocity. 
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FIG  12 
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It  would  seem  that  there  is  some  difference  in  sign- convention  between  this 
present  account  and  Morgan  and  Kiely’s  paper,  for  the  author  is  of  the  opinion 
that  the  imaginary  parts  of  the  above  expressions  should  be  positive.  For  example, 
consider  longitudinal  waves  in  an  elastic  bar.  The  equation  is 


9  ri 

where  O'  “  ^  »  “d  a  typical  solution  is 


u  =  A  e 


(,  ■  4) 


If  now  we  replace  E  by  E  ,  where  E„  is  ccmplex,  the  Imaginary  part  of 
Eg  must  be  positive  if  the  motion  is  to  be  damped.  We  therefore  write 

Eg  =  E  (1  +  in  AE)  4.13 

(j  =  a  (1  +  in  Aa)  4.14 

c 

As  a  question  of  principle,  since  the  Poisson's  Ratio  for  arterial  tissue  is 
known  to  be  almost  exactly  one-half,  the  theoretical  maximum,  it  might  be  object¬ 
ed  that  the  second  of  these  two  expressions  gives  |(Jgi  >  l/2,  and  perhaps  it 
ought  to  be  put  in  the  form 


In  what  follows,  3.11  will  be  used.  The  change  to  the  alternative  form  is  a 
simple  matter,  should  it  be  necessary.  We  now  wish  to  find  the  effect  of  these 
changes  on  the  roots  of  the  frequency-equation.  First  consider  the  limiting  con¬ 
dition  of  stiff  constraint.  This  gives 


(h  E\* 

V  1  1  -  Fio 
^2R  P )  ^ 

/  v^ri-(J®(l+  InAo)  ®  ^  ^ 

(  1  +  InAE j  j  1  -  Fio 

i  rd  +  nAcj)“  ,  2o“ 

I  1  -  Fic j  1  1  +  InAE 


1  -  F, 
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SECTION  V 

MODIFICATIONS  OF  THE  EQUATIONS  OF  MOTION  FOR  A 
THIN  BOUNDARY  LAYER  OF  LOWER  VISCOSITY. 


Physiologists  who  have  studied  the  flow  of  blood  In  the  smaller  vessels  have 
drawn  attention  to  the  existence  of  a  region  near  the  wall  which  Is  substantially 
free  from  red  cells.  Such  a  boundary  layer  of  plasma  will  have  a  viscosity  less 
than  half  that  of  the  rest  of  the  blood  in  the  artery.  In  the  larger  vessels,  with 
which  the  present  theory  is  concerned,  the  layer.  If  it  exists,  will  have  a  thick¬ 
ness  very  small  compared  with  the  radius  of  the  tube.  Whilst  it  might  seem  at 
first  sight  that  the  introduction  of  an  extra  parameter  (the  thickness  of  the 
bounding  layer)  would  make  the  theory  completely  formless,  and  enable  any  desired 
result  to  be  obtained  at  will,  it  Is  shown  below  that,  if  the  thickness  of  the 
boundary-layer  Is  allowed  to  tend  to  zero,  the  basic  equations  are  only  slightly 
modified,  and.  In  particular,  for  the  limiting  condition  of  heavy  loading  and  stiff 
constraint,  reduce  to  those  of  the  previous  section.  At  the  other  extreme.  If  the 
tube  Is  free  to  move,  and  of  negligible  mass,  the  presence  of  the  infinlteslnal 
layer  causes  a  marked  reduction,  both  In  pulse-velocity  and  In  damping. 

The  viscosity  of  plasma  will  be  denoted  by  so  that  If  the  non-dimensional 
parameter  of  the  motion  of  the  blood  Is  a,  that  of  the  motion  of  the  plasma  layer 

will  be  yS,  where  /8  ■  aOx//u.^)  .  We  assume  that  the  liquid  within  the  tube  is  blood 
when  0  <  y  <  y^  and  plasma  when  y,,  <  y  5  so  that  the  thickness  of  the  boundary 
layer  is 

When  0  <  y  <  y^,;  we  have  from  equation  3.20, 


Aj  J„(oyl^/a) 


. . .0. 1. 


St  y  “  Vo* » 1st  w  ■  w^.  Then  w^^  is  luiknown,  but  is  determined  later  from  the  con¬ 
dition  that  the  velocity  must  be  continuous  across  the  boundary  y  ■  yp.  Cj  can  be 
determined  in  terms  of  w^^  and 


^0® / 


. . . 5.2. 


The  velocity  gradient  at  y  ■  yp  is 
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(  -  -  f  *0-  ~  ^  F  (ay 

\dy  J  y-y„  ^  p^c  j  2 


.) 


...5.3. 


where  has  the  sane  meaning  as  in  3.23.  In  the  boundary  layer  y^  <  y  <  1  the 
velocity  will  be 


/0-c  ’  j-C/3i3/2)  »  K„cei») 


. . .5.4. 


The  extra  term  has  to  be  Included,  since  the  condition  that  w  is  finite  at 
y«0  no  longer  applies,  and  boundary  conditions  have  to  be  fitted  at  y-y^,  and  at 
y*l.  At  y«l,  3.22  is  replaced  by 


and  at  y“y„. 


Also  at  y*«y. 


and  at  y>l 


InE  -  — +  c.  +  c, 
^  />oC 


A,  J,C8y„l3/2)  .  K„(^y„i'''2) 

'  Poc  "  J^OSlS/i)  K„C8i1/2) 


(S').. 

(g-).. 


jfli®''*  .J,  0y„i®''2) 

-  -»C  -  . ^  ■  “ 


+  C, 


/9i*K^  (/6y„i>>) 


/gi®/2j^  03i») 

'  J„(^l»/2)  K.CSl*) 


•  •  •  6  •  5  • 


» S  •  6« 


»4.547. 


'  •  •  5  •  8  • 


Wq  and  Cj  can  now  he  determined  in  terms  of  by  equating  the  two  values  of 
A 

w - i.e.,  by  making  the  velocity  continuous  at  y^y^  and  by  equating  the  two 

Po° 

values  of  the  viscous  drag  at  y“y„. 

Introducing  the  notation 


2J,  08i®^2) 

y8l»/2j^(/Si3/2) 

2K,  pSl*^) 


FioOS) 

0^0  (^) 


J„ 0818/2) 
Ko  08y«i’‘) 


K„  081*^) 


Fio(^) 

GioC^) 
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equations  6.6>  5*7  and  5.8  may  be  written 


+  C3G,,(^y„) 


•  e  *5  •  9 • 


(■s). 


•  •  •■5*  He 


Equating  the  two  values  of  the  viscous  drag  at  and  making  use  of 

(^Ao)*  *1^®® 

(*o  “  C2*^io<^)**'o<^yo>  +  ®3®io<^yo)‘^io(^yo) 

and  therefore j  substituting  from  6.9  above 

0  -  CjF^C/Sy^)  |^Fj3(ayo)  -  Fjj,  (^y^)J  +  CgG^t/Sy^)  pi®  (ayo)-^!^  (^yo)J 


and  therefore 


®3  •  -®a 


Fn  ifiy.)  f 
%0yo)  I 


Fin(^yo)-Fin(^yD) 

Fio(»yo)-‘^,io<^yo) 


The  boundary  conditions  for  the  motion  of  the  elastic  tube  can  now  be  re¬ 
written  In  terms  of  c^.  Equation  6.5  (which  replaces  3.22)  becomes 

,  „  F„<^y„)  Fjo(ay„)-F,„CSy„)’ 

InE,  «  -  +  c-  1 - .  - - -  ...5.12. 

Po®  V  Go(^yo>  Fio(«yo)-GioC8yo) 


and  5.11  becomes 


^  13^2 

V  dy  J  y.l  2 

L 


Fo  <^yo> 


Fio(ayo)-Fio(^yo) 
*  Fio(“yo)-®io<^yo) 


If  y-"*!  this  becomes 


f-) 

V  y.l 


^  63) 


as  It  should.  If  also  y^j-^.  in  5.12  It  becomes 
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If  now  we  write 


inE^ 


P.C  >  P,„(a)-0,„(/3) 


I 


equations  3<25  -  3*28  remain  the  same,  except  that  in  3*28,  a^F^^Ca) 
placed  by 


0) 


Fin(°)-0.n(^) 


is  to  be  re- 


i.e.,  by  a2Fjj,(a)  L(a,/3) 
where  L(a,y8) 


1. 


The  frequency  equation  becomes 


in  which 


(l-£r^)x*  -  2G*x  +  H*  *  ® 


G 


(1-^/ 2)  -^L  (V 4-*^/2) 
(a) 


k  O’ 

+  -  +  •*■  +  L(i-a) 
2  2 


-I'i  . 

l-F„(o)  J  1-F,„(a) 

In  the  limiting  conditions  of  heavy  loading  and  stiff  constraint  (k  -•  -  <») 
the  terms  in  LCa^yS)  will  have  no  effect,  and  the  presence  of  the  low  viscosity 
layer  will  affect  neither  the  pulse  velocity  nor  the  damping  in  transmission, 

When  cr^if  G'  is  the  same  as  G  in  equation  3,33  and  the  effect  of  L{a^^)  on  the 
roots  of  the  equation  will  be  confined  to  its  effect  on  H  ,  This  will  be  greatest 
when  k^O,  l*e.,  when 

{^k  -  0 

Fig.  13  shows  c/c^  against  a  for  k»0,  cr=0.5,  which  is  very  close  to 

the  correct  value  if  the  layer  is  asstaned  to  be  pure  plasma.  The  ratio  c/^.  is 
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reduced  very  considerably  by  the  presence  of  the  boundary  layer,  and  the  form  of 
the  relationship  between  c/c^  and  o  is  changed  completely.  It  would  seem,  there¬ 
fore,  that  if  the  simple  theory  which  assumes  conditions  of  limiting  constraint 
should  prove  to  be  Inadequate,  the  consequences  of  the  assumption  of  a  boundary 
layer  of  low  viscosity  will  have  to  be  explored  further. 
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M 

* 


O 


<0  ^ 

o  d 
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Fig.  13 


SECTION  VI 


TBE  MOTION  OF  THE  LIQUID 


In  this  section  the  details  of  the  motion  of  the  liquid  at  a  particular  value 
of  z,  l*e«y  over  a  short  length  of  artery,  will  he  studied*  If  the  origin  of  z 
is  taken  at  the  mid-point  of  this  short  length,  the  longitudinal  velocity  will  he 


*  j/ie  *  Jo  iaia^a)  J 


where  the  value  of  Ci  is  to  be  determined  from  the  boundary-conditions*  From 
3*16,  3*16  and  3*17,  D,  and  E*  can  he  eliminated*  If  in  the  resulting  equa- 
tlon  Ti  is  written  for  the  ratio  of  to  Ai/PoC,  the  value  of  T\  is 

.  - 2 - SX.—M)  5,S 

x(Fto-»a)  Fio-2a 


where  x  is  the  root  of  equation  3*ig.and  6*1  becomes 

w  «  fl  +  n  pi  at 


This  shows  that  for  a  given  applied  pressure- function  the  velocity  of  the 
liquid  is  inversely  proportional  to  the  wave  velocity. 


We  may  split  up  the  constant  ki/poC  into  factors:- 


and  therefore  if  is  the  quantity  that  would  result  from  Fourier  Analysis  of 
the  pressure  gradient,  we  have 


eutd  therefore 


Ai  Hi® 


Poc  Inpo 


This  establishes  the  identity  of  the  constant  in  6*3  with  that  in  the  simple 
theory  of  the  rigid  tube*  The  average  velocity  across  the  tube. is 
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and  this  can  be  written 


w  -  ~  -^sln  (nt  -  q>  +  eio) 

for  a  presure  gradient  llcos(nt  -9))  and  the  values  of  M'io  and  e^o  conpared 
with  those  of  Mioand  Bto  for  the  rigid  tube.  We  note  that 

MiS  -  ll+nFiol 

eJ!o  ■*  ph  (1  +  nFio) 

Tables  of  these  qfuantltles  are  given  In  the  Appendix. 

Figs.  14  and  15  show  graphs  of  and  of  the  pbase^lag  against  a  for 

k  *  0,  O  ■  1/2 f  a  *  l/4f  O  “  0*  curves  of  Fig.  3  for  the  rigid 

tube  are  not  sux>er imposed  on  tbese^  but  In  Fig.  3  are  shown  curves  for  a  ”  l/2j 
k  ■■  -10  for  ccmparlson  with  those  of  the  rigid  tube.  If  In  6.2  we  Insert 


1.-  F±o 


It  reduces  to 


1  ~  Fio 
Fio  -20 


|l  -  20 

Fio-20 


so  that  for  the  tube  In  the  limiting  c<mdltlon  of  stiff  constraint  the  motion  of 
the  liquid  Is  the  same  as  for  the  rigid  tube.  Figs  16,  17  and  18  give  comparative 
plots  of  the  modulus  of  the  complex  Impedance,  fluid  resistance,  and  Inductance, 
for  the  same  conditions  as  those  of  Figs  14  and  10. 
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PHASE  LAS. 
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Table  #6 


a=4 

0=6 

a 

Amplitude 

ratio 

Phase- 

difference 

Amplitude 

ratio 

Phase- 

difference 

3.34 

■8B 

74.0® 

0.527 

26.2® 

4.72 

52.9® 

0.226 

16.2® 

5.78 

Blifl 

38.0® 

0.145 

12.6® 

6.67 

mam 

28.6® 

0.104 

10.5® 

It  is  also  of  Interest  to  calculate  the  longitudinal  velocity  at  the  wall. 
This  Is 


ij- 


(l+i7)e*®* 


•  ■ eG*  7* 


so  that  Its  ratio  to  the  average  velocity  is  (l+’y)/ j) ,  If  the  modulus 
and  phase  of  this  are  calculated^  they  will  demonstrate  the  ratio  of  the 
magnitude  of  the  velocity  at  the  wall  to  that  of  the  average  velocity,  and 
the  phase-difference  between  the  two.  Table  6  shows  these  quantities,  for 
tr  ■  i,  and  o'  :t  0  F  =  0.1  for  the  values,  of  a  for  the  first  four  harmonics 
of  the  pulse  In  the  dog's  femoral  artery. 


These  figures  emphasize  the  critical  role  of  Poisson's  Ratio  in  deter¬ 
mining  the  details  of  the  motion.  The  phase-differences  in  the  above  table 
are  shown  with  their  correct  sign  In  relation  to  the  amplitude  ratio,  and 
therefore  show  that  the  velocity  at  the  wall  'leads'  the  average  velocity 
across  the  tube.  The  most  striking  point  about  this  effect  Is  Its  magnitude, 
which  Is  greater  than  might  be  expected. 
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If  6.7  is  Integrated  with  respect  to  the  time,  it  will  give  the  longitudinal 
distance  traversed  by  a  point  on  the  wall.  This  will  be 


(1+T7)e‘“* 


and  if  expressed  in  terms  of  the  pressure  gradient  It  will  be 


nV 


.  • .  6*  8  • 


The  Fourier  •  Series  for  the  pressure  gradient  in  McDonald's  experiment  was 
taken,  and  the  movement  of  the  wall  calculated,  assuming  K-0.1,  The  maxl~ 

mum  value  of  i  during  the  cycle  was  3.Qg  mm,  which  is  greater  than  the  diameter 
of  the  artery.  It  is  reasonable  to  suppose  that  a  longlbudinal  excursion  of 
this  magnitude  would  have  been  remarked  upon,  had  It  ever  been  observed.  The 
above  calculation  may  seem  unrealistic,  since  It  Is  known  the  artery  Is  not.  In 
practice,  completely  free,  but  it  does  show  that  the  elastic  constraint  is  not 
likely  to  be  In  resonance  with  the  pulse  frequency. 

From  the  point  of  view  of  the  physical  principles  involved,  the  motion  of 
the  liquid  is  most  directly  appreciated  in  terms  of  the  dependence  of  flow  on  the 
pressure  gradient,  which  may  aptly  be  regarded  as  the  driving  force  of  the  motion. 
It  is  also  desirable  that  direct  measurements  of  pressure-gradient  be  made  at  the 
same  time  as  flow  measurements,  since  in  comparing  the  theory  with  experiment, 
the  pulse-velocity  is  eliminated  from  the  formula  connecting  the  two,  and  the 
complication  of  the  variation  of  pulse-velocity  with  frequency, does  not  arise. 

Some  recent  results  obtained  by  Spencer,  (1956) ,  In  which  both  pressure-gradient 
and  pressure  were  measured,  are  considered  in  Section  XI.  However,  as  has 
already  been  noted,  if  the  pressure  gradient  Is  created  by  a  travelling  wave, 
there  Is  a  simple  relationship  between  the  pressure  gradient  and  the  pressure  it¬ 
self.  From  6.5  above. 


in  which  c  Is  complex. 


••  ate. 


u  "  e 


Since 


=  X-IY, 


a  .  a6. 9. 


a . .6.10 


so  that  the  effect  of  the  damping  of  the  wave  In  transmission  Is  to  reduce  the 
phase-advance  of  flow  over  pressure.  In  the  limiting  condition  of  stiff 
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constraint^ 


^b«o 


• » • 6« 11 


so  that  in  these  circumstances  the  maximum  phase-*lead  of  flow  over  pressure  will 
45°*  The  value  of  Cg  Is  not  directly  measurahle.  Ueasurement  of  the  pulse- 
velpclty  over  a  short  length  of  artery  one  would  expect  to  give  Cg/X*  In 
tetns  of  measured  pulse-velocity  these  two  formulae  become 


• • ad* 12 • 


*—  ^COS^^. 


■.  e***“®io  .  e*“‘  ...6.13* 


In  considering  ho«  these  formulae  might  be  tested  experimentally,  It  would 
seem  that  the  best  method  would  be,  having  available  Fourier  Analyses  of  all 
three  quantities,  pressure,  pressure-gradient,  and  flow,  to  abandon  all  pre¬ 
conceived  Ideas  of  what  the  Internal  radius  of  the  artery  or  the  viscosity  of  the 
blood,  might  be,  and  determine  the  value  of  a  that  gives  the  best  fit  between 
pressure-gradient  and  flow.  This  can  be  done  without  Introducing  the  pulse- 
velocity. 

It  might  then  be  supposed  that,  taking  the  same  value  of  a,  the  fit  of 
6*11.  to  the  observed  flow  curve  could  be  tested,  with  the  same  value  of  Cg  for 
all  harmonics.  It  must  be  remembered,  however,  that  In  equations  6>5  ->  6,13  the 
primary  assumption  has  been  made  that  p  ■  ^o^l.e.  that  there  Is  no  re¬ 

flected  wave.  This  assumption  Is  almost  certainly  not  here,  except,  possibly,  at 
one  or  two  exceptional  places.  If  a  reflected  wave  is  Included  In  the  expression 
for  the  pressure,  then 


-  A,e^<‘-%>  ♦  A,ei“<t*%) 


.  .,*«<** 


a, *6. 14, 


,  ,  , 6  a  15  < 


so  that  6a 9  now  becomes 
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P  Aj-Aj 
>0^0  * 


T^. 


•  • • S* 16  • 


An  attempt  to  fit  6*9  to  a  set  of  observations  containing  a  reflected  wave 
would  therefore  require  an  "apparent"  velocity 


hl*A.2 

Aj-Aj 


. ..6.17. 


whose  ratio  to  the  true  velocity  would  depend  on  the  amplitude  and  phase  of  the 
reflected  wave.  It  would  seem  therefore,  that  the  best  use  to  be  made  of  an 
analysis  of  simultaneous  recordings  of  pressure  and  pressure  gradient  would  be  to 
give  Information  about  any  reflected  wave  that  may  be  present,  the  theory  being 
assumed  to  be  correct.  To  test  the  theory  Itself,  some  means  would  have  to  be 
found  of  suppressing  the  reflected  wave.  One  method  might  be  to  apply  a  matching 
terminal  impedance  at  the  next  Jimctlon  on  the  distal  side  of  the  point  of  meas¬ 
urement. 

Another  experimental  test  of  the  theory  can  be  devised  which  Is  free  from 
this  difficulty,  using  the  relationship  between  pressure  and  radial  expansion. 
First,  for  the  simpler  condition  when  there  Is  no  reflected  wave,  from  3.26 


JLna.= 

c  * 


and  therefore 


. . .6.18 . 


. . .6. 19. 


for  each  harmonic.  This  Is  a  remarkably  simple  relationship  between  expansion 
and  flow.  It  can  be  deduced  directly  from  the  equation  of  continuity 

1  B  B  w 

T  -  0 


writing  y*  and  Integrating  from  y  »  0  to  y»l. 


[■]„  ■  f/(--ir)- 


. . .6.20. 


R  B  _ 
—  — —  „ 
2  Bz 


... 6.21 i 
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Since 


1  ^ 
c  Bt  * 


integrating  6*21  with  respect  to  the  tine  gives 

M  -  * 

R  '  c 

If  the  expression  for  the  pressure  contains  a  reflected  wave,  i.e*,  if 

p  -  +  Aje^“<*^*/c> 

iV  A  V 

then  f  -  — i  - -  m"  e^'io  • 

PoC  PoC 


and  therefore 


so  that 


R  p^c2  10  10 


^  Po^o 


• • • 6 • 22 • 


•  • . 6t  23 « 


which  may  be  written 


2^  p  o  X 

^  (l-a2)  -  (1+17F^o) 

R  yO  C'  2 


•  • • 6 • 24  * 


and  the  form  of  this  is  the  same  whether  a 'reflected  wave  is  present  or  not.  For 
all  finite  values  of  k,  the  phase  of  the  complex  quantity  ix(l+T7Fjjj)  is  positive, 
so  that  variation  in  diameter  always  leads  pressure,  though  never  hy  more  than  a 
few  degrees,  as  is  shown  in  Fig.  19,  which  is  a  plot  of  ph  J  (l-a*)  -  (l+7/Fjjj)l 
against  a  for  k-0,  ^  J 


>  -  (1-H7F,„) 
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In  the  limiting  condition  of  heavy  loading  and  stiff  constraint,  (k  ->-«>) 
6.15  reduces  to  the  very  simple  form: 


=  (1-cr^) 


P 

A'O  O 


• • .6.25 . 


and  therefore  the  pressure  and  expansion  will  be  in  phase  at  all  frequencies.  In 
view  of  the  fact  that  for  other  conditions  of  constraint  the  phase  difference  Is 
always  small,  this  equation  does  not  provide  a  critical  means  of  distinguishing 
between  them.  It  does,  however,  provide  a  test  of  the  presence  of  internal  damp¬ 
ing  In  the  wall  of  the  tube. 

The  formula 

M  P 

^  ‘  *10® 


becomes,  on  inserting  the  value  of  c  /c  from  3.14, 


■  f -h 


In  (AE+  —  tor) 
3 


. . .6.26 . 


so  that  If  radial  expansion  lags  behind  pressure,  Internal  damping  must  be 
present,  and  If  It  Is  of  the  simple  nature  assumed  above,  the  amount  of  phase-lag 
In  any  harmonic  will  be  roughly  proportional  to  the  frequency.  If  the  phase-lag 
Is  large,  6.17  will  not  be  sufficiently  accurate,  and  the  exact  form 


3  ( 

•T  •t 


1+  —  (nAcr) -l^/gnAtr 
1+ln  AB 


. . .6.27 1 


roust  be  used.  The  phase -lag  Is,  therefore. 


tan'^nAE  ♦  tan*^  - — r  ...6.28. 

3+4  (nA7)2 

and  from  this  estimates  of  AE  and  Aa  could  be  obtained  by  combining  the  results 
from  several  harmonics. 

Lawton  (1955)  has  succeeded  in  obtaining  measurements  of  variation  In  diam¬ 
eter  throughout  the  pulse-cycle  by  filming  the  motion  of  very  small  beads  sewn 
to  the  abdominal  aorta  of  the  dog.  Two  typical  results,  together  with  the  corre¬ 
sponding  variation  In  pressure,  are  shown  In  Figs.  20  and  21.  The  results  of 
Fourier  Analysis  up  to  the  fourth  harmonic  are  shown  In  Table  4.  They  are  given 
in  modulus  and  phase  form,  l.e.  In  the  form  M^cos  (mnt-cp^),  in  being  the  order 
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of  the  harmonic.  These  results  show  no  steady  Increase  in  phase-lag  with  fre¬ 
quency.  Those  of  curve  #1  seem  to  show  an  opposite  effect.  This  may  he  illusory. 
The  fourth  harmonic  is  small  In  amplitude,  and  this  estimate  of  phase-lag  cannot 
he  expected  to  he  very  accurate.  It  seems  reasonable,  therefore,  to  conclude  from 
these  results  that,  althotigh  there  are  irregular  variations  In  phase  between  pres¬ 
sure  and  diameter,  these  are  not  Inconsistent  with  the  assumption  that  there  is  no 
damping  in  the  wall,  and  therefore  the  simple  theory  is  adequate.  Finer  distinc¬ 
tions  will  have  little  meaning  until  more  accurate  measurements  can  he  made. 


TABI£  7 


Barmonlc 

Pressure 

Diameter 

Phase-lag 

92 

M,xlO"® 

9. 

Curve  #1 

1 

18.74 

75.67 

12.17 

86.31 

10.6 

2 

6.80 

128.67 

4.06 

133.55 

4.9 

3 

3.14 

154.45 

2.14 

149.68 

-4.8 

4 

1.56 

156.75 

0.50 

110.03 

-46.5 

Constant  Term 

69.73 

1.31823 

Curve  #2 

Phase-lag 

1 

62.35 

56.85 

5.6® 

2 

116.50 

117.06 

-0.5° 

3 

152.85 

136.98 

15.87 

4 

124.50 

122.60 

1.9 
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SECTION  VII 


THE  CAIiCUlATION  OF  BEFIECTION  >  COEFFICIENTS 
AT  JUNCTIONS  AND  DISCONTINUITIES 

One  the  obstacles  to  the  acceptance  of  the  theory  developed  in  the  preced- 
ing  pages  Is  the  amount  of  damping  of  the  pulse  wave  predicted  by  it.  Far  fron 
diminishing,  the  peak  of  the  pulse-pressure  rises  in  transmission,  as  may  be  seen 
fr<XB  Flgi  22  which  shows  siimiltaneous  recordings  of  the  aortic  and  femoral  pulse. 

A  state  of  affairs  in  which  the  theory  predicts  a  6®/^  -  10®/©  reduction  in  the 
amplitude  of  the  main  harmonics  for  each  loom*  of  travel  is  at  first  sight  hard  to 
reconcile  with  the  observed  rise  in  peak  pressure,  or  even  with  the  simple  clinical 
observation  that  the  human  pulse  can  be  felt  in  the  foot. 

A  reconciliation  of  this  apparent  contradiction  may  very  well  be  found  In  the 
study  of  changes  in  phase  and  amplitude  of  the  harmonic  terms  at  changes  in  arte¬ 
rial  dimensions,  and  at  Junctions  in  the  arterial  system.  Many  observations  have 
been  made  in  the  past  of  the  form  of  the  pulse-pressure  on  both  the  proximal  and 
distal  sides  of  Important  branching-points,  but  these  cannot  be  used  as  a  rigorous 
test  of  the  theory  unless  they  are  accompanied  by  measurements  of  pulse-velocity 
over  short  distances  on  both  sides  of  the  Jimctlon,  and  by  measurements  of  the  in 
ternal  diameters  of  the  arteries.  Detailed  calculations  are  made  below  for  some 
simple  discontinuities  and  for  a  bifurcation  into  two  equal  branches,  a  few  sets 
of  conditions  being  chosen  out  of  the  many  possibilities.  An  attempt  is  also  made 
at  a  roxigh  calculation  of  the  reflection-coefficients  at  the  celiac  and  lilac  Junc¬ 
tions  in  the  dog.  The  method  used  Is  the  simple  one  given  In  Lord  Rayleigh's 
"Theory  of  Sound."  In  this  method  no  attempt  Is  made  to  study  the  details  of  the 
motion  of  the  liquid  at  the  Junction.  '  Two  equations  are  written  down,  expressing 
the  conditions  of  continuity  of  pressure  and  rate  of  flow  across  the  Junction,  and 
these  are  solved  to  give  the  reflection  and  transmission  coefficients. 

Some  calculations  of  reflection  coefficients  using  this  method  were  made  by 
Kar reman  (1952),  1953 i  1954)  for  sudden  changes  in  arterial  dimensions  and  for  a 
division  of  an  artery  into  two  branches.  Unfortunately,  Karreman  took  no  account 
of  the  viscosity  of  the  liquid  In  the  equation  for  continuity  of  flow,  so  that  his 
results  will  only  be  true  for  very  large  a.  Instead  of  the  correct  formula  for 
the  pressure-flow  relation 

w  =  —  Mjjj,  .  e*®io  ...7.1. 
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he  used 


*  ■  ,^/Po®  i.e*  In  all  his  calculations  he  assumed 
Ejo'O*  As  an  example  of  the  kind  of  error  that  can  arise  from  the  use  of 
this  approximation,  consider  a  sudden  reduction  in  the  size  of  an  artery  from 
radius  R  to  radius  r.  Let  the  value  of  a  In  the  larger  tube  be  a^,  and  that  In 
the  smaller  tube  be  a^.  Then  a^^aj,  since  a^/oi  ■  r/R.  Let  the  Incident  pressure^ 
wave  be 

and  the  reflected  wave  be 

the  transmitted  wave  in  the  smaller  tube  being 

Ajo 

where  Cj  Is  the  wave-velocity  in  the  larger  tube,  Cj  that  In  the  smaller.  For  con¬ 
tinuity  of  pressure  across  the  discontinuity. 


If  we  use  the  formula  for  flow  in  the  constrained  tube,  the  equation  for  con¬ 
tinuity  of  flow  will  be  j 

_a  a,-a^  f 
»rR  .  e  3 


•  rrr* 


*  >=’o®o  {“10  ®  “ 

g'iEioifLii 


•  '..7.3. 


In  which  Cg,  Cq  are  the  limiting  velocities  In  the  two  tubes  for  a  Retaining 

Karreman's  assumption  that  these  are  Inversely  proportional  to  the  square-root  of 
the  radius,  (Karreman  quotes  this  as  being  correct  for  an  elastomeric  tube)  I.e. 
assuming  that  the  mass-loading  on  the  two  tubes  Is  the  same,  this  equation  becomes 


^  ‘  ^  iMlO^)  i 

and  if  we  write  \  for  the  right-hand  side  of  this  equation, 


.  .  .7  .4r. 


...7.5. 


for  the  reflection-coefficient.  The  modulus  of  this  complex  quantity  will  be  the 
amplitude  ratio, its  phase  will  be  the  phase-change  on  reflection.  Karreman’s 
formula  for  the  reflection  coefficient  has 
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we  iliay  therefore  regard  the  factor 


as  a  "throttling^  effect  due  to  viscosity.  It  wfll  he  clear  from  this  that  for 
Karreman's  foinoula  to  be  even  approximately  correct,  both  snd  must  be  very 
large,  and  when  studying  the  problem  of  reflection  at  a  coarctation,  (one  of  the 
main  purposes  of  Karreman's  work)  this  can  be  very  far  from  the  truth. 


The  same  formula  can  be  used  for  a  division  of  an  artery  Into  a  number  of 
branches  of  equal  size.  All  that  Is  necessary  is  to  multiply  the  right-hand  side 
of  10.4  by  the  number  of  branches.  Thus  for  a  division  Into  two  equal  branches, 


X  *  2 


For  the  unconstrained  tube  with  equal  velocities  on  both  sides  of  the  Junction, 


...7.8. 


The  quantity  2  (-p  ,  which  Is  the  ratio  of  the  combined  area  of  the  branches 
to  the  area  of  the  original  tube,  will  be  called  the  area-ratio  of  the  Junction. 
Numerical  values  of  amplitude  ratio  and  phase-lag  have  been  computed  for  this  di¬ 
vision  Into  two  equal  branches,  using  both  the  above  formulae. 

Xn  Fig.  28  the  modulus  of  the  reflection  coefficient  Is  plotted  against  the 
area  ratio,  for  four  values  of  a^lO,  8,  6,  5.  with  X  as  given  in  10.7,  i.e.  for 
the  tube  with  stiff  constraint,  and  equal  mass-loading  on  the  original  artery  and 
branches.  Fig.  24  gives  the  corresponding  curves  for  the  phase-lag  on  reflection. 
Figs.  25  and  26  are  a  similar  set  of  curves  with  X  as  given  by  10.8.  l«e.  for  an 
unconstrained  tube  with  K«0  and  a-  l/2»  the  wave-velocities  in  the  original  tube 
and  the  branches  being  assumed  to  be  equal.  In  Figs.  27  and  28  the  mass-loading 
on  the  branches  has  been  Increased,  the  assumption  being  made  that  the  wave- 
velocity  Is  Inverely  proportional  to  the  radius  of  the  tube,  I.e. 


(S)*' 
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Amplitude  Ratio 
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FI&26 


Phase 


it  with  greater  change  in  pulse-velocity 


When  each  of  the  hranehes  Is  the  same  size  as  the  original  artery,  the  re¬ 
flection  coefficient  Is  the  same  for  all  these  conditions,  having  a  modulus  of  1/3 
and  a  phase-lag  of  180°. 

All  the  curves  are  similar,  showing  a  minimum  at  an  area-ratio  slightly 
greater  than  1.0-  this  minimum  being  at  a  higher  value  of  the  area  ratio  the 
greater  the  disparity  In  velocity  between  the  original  artery  and  the  branches. 

It  will  also  be  noticed  that  as  this  disparity  Increases,  this  minimum  is  sharper 
and  lower.  In  Fig.  23  It  Is  always  less  than  3JJ,  whatever  the  value  of  a.  Al¬ 
though  the  minimum  Is  higher  for  the  unconstrained  tube.  It  Is  less  critical. 

Some  enhancement  of  the  harmonic  terms  In  the  pressure  Is,  therefore,  to  be 
expected  at  each  reflection,  so  long  as  the  increase  in  total  area  Is  not  too 
great.  If  the  area-ratio  of  the  junction  Is  greater  than  about  1*3  or  1*4,  the 
phase-lag  will  be  more  than  90°,  and  this  would  be  expected  to  cause  "spreading" 
rather  than  "peaking"  of  the  pulse-wave. 


C>350 


C«250 


C-450 


as 


FIG.  29 
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As  an  example  of  the  extension  of  the  method  to  more  complex  Junctions ,  the 
celiac  and  lilac  Junctions  in  the  dog  will  he  taken.  In  Pig.  29  is  shown  a  rough  dlagr 
diagram  of  part  of  the  arterial  system  of  the  dog,  with  estimates  of  diameter  of 
the  arteries,  In  cm.  and  of  the  pulse-velocltyyln  cm/sec.  The  velocities  were  not 
measured  in  the  same  animal,  but  were  suggested  by  Dr,  D.A.  McDonald,  who  has  made 
measurements  of  the  pulse-velocity  in  dogs  using  the  microsecond  counter  chronom¬ 
eter.  (Hale,  McDonald,  Taylor  and  Womersley,  1956) .  In  the  calculations  it  is  not 
necessary  for  these  values  to  be  exact,  so  long  as  their  ratios  are  reasonably 
correct.  Consider  first  the  celiac  Junction,  shown  in  Pig.  30.  With  the  same 
notation  as  before,  l.e.,  Aj  for  the  amplitude  of  the  Incident  wave,  Aj  for  that  of 


Aj+A^ 


250 

450 


260 

450 


2x250 

450 


250 


360 


that 

of  the  reflected  wave. 

**10 

.  e,p  .  InfeluCajj-Ej,! 

R?  ‘ 

2 

R4 

Hio  (a4) 

f  It  n 

* 

.  exp  .  injejj(a^)-ejj(i 

3 

Rs 

•  e*P  •  in  ^io^®5^“®io 

' 

• 7 • X3 • 


1 


1 

.5 

1 

•35 

^■1 

1 

.as  A, 


At  .T 


Diagram  of  celiac  Junction 
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A  table 

for 

the  calculation 

of  k  can  be 

set  out  as 

shown  below: 

M 

“ioK) 

M  n 

Branch 

a 

«10 

^10 

®10  10 

1 

8.5 

0.8835 

8.56® 

2 

4.5 

0.7956 

18.83 

0.9005 

10.27® 

0.2803 

3 

5.0 

0.8127 

16.37 

0.9199 

7.81® 

0.3460 

4 

3.5 

0.7462 

27.16 

0.8446 

18.60® 

0.1696 

5 

7.9 

0.8608 

10.78 

0.9743 

2.22® 

0.6782 

From  this  table  the  four  separate  terms  which  make  up  can  be  calculated. 


first  in  modulus  and  phase  form,  then  in  real  and  imaginary  parts i 


Term 

Modulus 

Phase 

Real 

Imaginary 

1 

0.1402 

10,27® 

0.1380 

0.0250 

2 

0.1768 

7.81® 

0.1752 

0.0240 

3 

0.1592 

18.60® 

0.1509 

0.0508 

4 

0.4729 

2.22® 

0.4716 

0.0183 

K  * 

0.9754 

+  lx 

0.1181 

so  that 

A 

1-X 

0.0243-0. 

.11811 

Al 

l*k 

1.9757*0, 

11811 

The  amplitude 

ratio  is 

lAj 

*  0.0690  and  the  phase-lag 

is 

tan'  ^ 

0.1181 

■ 

0.0243 

^  ..  0.1181 

tan  *  -  = 

1.9757 

81.8® 

so  that  the  reflected  wave  has  7%  of  the  amplitude  of  the  incident  wave,  and  is 
almost  90®  behind  It  in  phase. 


If  the  Iliac  junction  is  treated  as  a  division  into  three  equal  branches, 
in  Fig.  31,  then 


\  =  3x 


360 

460 


M|o(4) 

mJo(6.6) 


exp  i 


<4)-e"o 


as 
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which  reduces  to  A.*0<79lQ-('0.145i 
giving 

|‘ - 1  *  0>1418  and  a  phase-lag  of  39*53*^ 


Fig.  3t 

These  results  show  that  for  a  wide  range  of  conditions,  reflection  will  cause 
a  moderate  Increase  In  amplitude  of  the  transmitted  pressure-wave,  for  a  corres¬ 
pondingly  moderate  increase  in  total  cross-sectional  area  at  the  junction.  They 
also  show  that  there  is  a  value  of  the  area-ratio  at  which  reflection  is  a  minimum. 
From  the  point  of  view  of  tremsmlsslon  of  energy  through  the  Junction,  this  condi¬ 
tion  of  minimum  reflection  is,  of  course,  an  optimum.  In  electrical  jargon,  it  is 
the  condition  of  optimum  impedance-matching  at  the  junction.  An  analogous  situation 
arises,  at  much  higher  frequencies,  in  the  problem  of  transmission  of  electro¬ 
magnetic  energy  in  wave- guides. 

In  view  of  what  has  been  said  in  the  past  about  standing  waves  in  the  arterial 
system,  (Hamilton  and  Dow,  1939)  the  relationship  of  the  standing  wave  concept  to 
the  above  results  ought  to  be  considered.  Whether  one  uses  the  idea  of  standing 
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waves  or  not  is  largely  a  matter  of  choice  of  terminology*  As  a  simple  example, 
consider  a  Junction  or  discontinuity  at  which  the  reflection-coefficient  has  an 
amplitude  of  10J5  and  there  Is  no  phase-lag,  and,  for  simplicity,  assume  that  the 
wave-velocity  Is  Independent  of  frequency  or  the  size  of  the  tube.  Let  the  inci¬ 
dent  wave-form  be 

Ael»(t>z/e) 


The  reflected  wave  will  be 

1 


10 


j^glii(t  +  s/c) 


and  the  resultant  of  these  two  may  be  equally  well  described  as 

*  in 

or  as 


*  10  > 
Ae*“<‘-*>'c>  +  _i.  /  Ae‘“f*'*/c>  +  Ae‘” 

10  10  \  .  J 


...7.14. 

...7.15. 


which  latter  may  be  written 


—  Ae‘“<*”»/c)  — 
10  5 


Ae^“*  cos- 


nz 


...7.16. 


7.14  Is  the  sum  of  the  Incident  wave  and  a  wave  of  one-tenth  of  its  amplitude 
travelling  In  the  opposite  direction.  7*16  is  the  sum  of  a  wave  nine-tenths  of  the 
amplitude  of  the  incident  wave  and  a  standing  wave  of  one-fifth  of  its  amplitude. 


In  wave-guide  technology,  this  latter  method  of  describing  conditions  has  be¬ 
come  standard  practice,  and  a  method  of  indicating  the  efficiency  of  energy-trans¬ 
fer  has  been  devised,  the  standlng-wave-ratlo.  Since  the  voltage  is  measured.  It 
Is  called  the  v.s.w.r.  (voltage  standing-wave-ratio).  The  corresponding  quantity 
In  oscillatory  fluid  flow  will-  be  the  pswr  (  the  pressure-standing-wave  ratio) 
measured  as  follows: 

If  there  were  no  reflection,  measurements  of  amplitude  of  pressure  variation 
Would  show  the  same  amplitude  at  all  distances  from  the  Junction.  However,  If 
there  is  reflection,  7.16  above  shows  that  at  points  half  a  wave-length  apart. 
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there  will  be  mlnina  and  naxlma  of  amplitude.  (In  the  extreme  ease  of  total  re¬ 
flection  these  become  nodes  and  antinodes)  The  ratio 

Maximum  Amplitude 
Minimum  Amplitude 

is  the  standlng-wave-ratloj  and  is  a  measure  of  the  efficiency  of  energy- transfer 

through  the  Junction.  In  the  Example  given  in  7.16  the  pswr  Is  «  1.22.  If 

9 

there  is  total  reflection,  with  no  transmission  of  energy,  the  pswr  is  infinite. 
The  method  of  measurement  of  the  pswr  described  above  is  useless  in  the  arterial 
system,  since  it  would  be  Impossible  anywhere  to  find  a  length  of  artery  In  which 
there  would  be  a  distance  of  half  a  wave-length  free  from  other  Junctions.  There 
is  another  approach  to  the  measurement  of  the  pswr  which  can  be  used  if  simulta¬ 
neous  measurements  of  pressure  and  pressure-gradient  are  available. 

.  Let  the  Fourier  Series  for  the  pressure  and  the  pressure-gradient  be 

p  ■  p  +  2  (c^  cos  amt  +  sin  amt) 

ID 

*  p  +  2  P.  cos  (mnt-»/f  ) 

®  m  "  * 

3p 

-  - —  =  A„  +  2  (A.  cos  mnt  +  sin  amt) 

®  m  ■  ■ 

■  A^  +  2  M^  cos  (amt-ip,) 


If  there  is  no  reflected  wave. 


\  -  -  (D.X.+C.T.) 

®o 


B.  -  -  (C.X,-D,Y,) 

°o 


...7.17. 


and  these  may  be  regarded  as  simultaneous  equations  for  and  T^.  In  terms  of 


modulus  and  phase  they  may  be  written 


I  I 

X.-iY.  -  - - 

■  P  mn 

■ 


... 7 .18 . 


ph  (X,-iY.)  - 


. . .7  *  19. 
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If  there  Is  a  reflected  wave  the  relationship 

'dp  in 

-  —  »  -  .  p 

dz  c 

no  longer  holds.  If  the  origin  of  z  is  taken  at  the  point  of  reflection,  and  the 
place  of  measurement  is  a  distance  I  from  this,  i.e.  at  z«-I,  then  the  m***^ 
harmonic  of  the  pressure  will  he  of  the  form 


so  that  at  the  point  of  measurement. 


•  • *7  eSO* 


• t .7 .22. 


The  ratio 


now  depends  on  the  reflection>eoefflclent  at  the  June- 


tlon,  and  the  distance  of  the  point  of  measurement  from  It.  If  equation  7.21  Is 
divided  by  7*22,  we  have 
M_c_ 

-1.  .  JLA  ^ - 

^  +  p^e-^V  *■“»/«■ 

Write  _2l_  ^  !la_  ^  J!a.  •  K 

Imn  P_  P_ 


I/c.  ,±± 


a •  eT  *23 • 


The  quantity  - j-  Is  the  reflection  coefficient  of  the  Junction  in  com- 

p'e*‘^.  A 

plex  form,  I.e.,  It  Is  the  same  as  the  -  of  equations  7.5  and  7.13.  We  have 

therefore. 


«  iz5  elliinl/e^ 
l*K  1+K 


s  •  *7  •24r« 


If,  therefore,  the  geometry  of  the  junction  Is  known,  the  theory  can  he  tested 
by  calculating  \  and  K,  and  attempting  to  find  a  Cj,  which  Is  consistent  for  all 
harmonics . 
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There  Is  another  type  of  simple  discontinuity  which  has  the  opposite  effect 
from  that  of  a  Junction  or  a  constriction,  and  which  has  an  important  practical 
application.  Some  types  of  electromagnetic  flowmeter  require  the  Insertion  in*  the 
artery  of  a  short  length  of  rigid  tube,  or  may  confine  the  artery  by  means  of  a 
cuff.  The  effect  of  such  an  artifact  on  steady  flow  is  negligible,  but  if  the  flow 
has  large  oscillatory  components  distortion  is  Introduced.  Consider  a  tube,  . 
elastic  for  the  most  part,  which  has  in  it  a  stationary  rigid  portion  of  length  I. 
As  in  previous  calculations,  let  the  Incident  pressure  function  be 
and  let  A  be  the  reflected  wave.  Take  z«0  at  the  incident  end  of  the 

rigid  portion  and  let  A^e*“*,  A^e^®*  be  the  pressures  at  its  two  ends  -  l.e.  at  z^O, 
z  *1,  respectively.  This  is  correct,  since  the  transmission  velocity  in  the  rigid 
portion  is  infinite.  For  continuity  of  pressure,  the  transmitted  wave  must  be 
,  and  also 

•  A2  ••s7*2f5« 

For  continuity  of  flow,  since  the  pressure  gradient  in  the  rigid  part  Is  (A^-A^)/!, 


A  -A  « 

'“■4  "  iff 

-i — *  M,.e*®io 
pc 


A2-A3 


.M,*e^^io  - 


.Mj„e^^io 


. . .T . 2Gi 


The  value  of  a  Is  the  same  at  all  points,  since  the  tube  is  assumed  to  be  of 
the  same  diameter  throughout,  and  therefore 


\  “[1 


el  {6io*®ioM 


For  the  limiting  condition  of  stiff  constraint,  this  will  simplify,  and  the 
ratio  of  the  transmitted  wave  to  the  incident  wave  will  be 


-  »  1 - 


...7.28. 


Aj  i+lnl  .  Is. 
2c„  c 


The  pressure-gradient  in  the  tube  may  also  be  foxmd  in  terms  of  Aj.  We  have,  in 
fact 


Inpl  pc  i+lnl  .  Ss. 


...7.29 


2Cj,  c 


so  that  the  rate  of  flow  is  reduced  by  the  insertion  of  the  rigid  tube  in  this  same 
ratio.  It  should  therefore  be  possible  to  calculate  from  the  observed  flow  pattern 
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produced  by  an  electromagnetic  flowmeter  what  the  flow  would  have  been  had  It  not 
been  distorted  by  the  Insertion. 

As  a  practical  example,  In  the  flowmeter  used  by  Inouye  (1954),  the  artery 
was  confined  In  a  cuff  15mm.  long.  In  the  ffemoral  artery  of  the  dog,  taking 
c"460  cm/sec  (McDonald)  and  a  pulse-frequency  of  3  cycles  per  second,  l.e.  n®en’. 

A.  «  - 1 -  ...7.30. 

5  1  +  im 

100 

where  m  Is  the  order  of  the  harmonic.  The  ratio  0^/^,  has  been  neglected,  since 
the  calculation  Is  only  Intended  to  show  the  order  of  magnitude  of  the  effect. 

For  the  fourth  harmonic  the  reduction  in  amplitude  Is  about  and  the  phase-lag 
about  7®,  so  that  for  this  Instrument  the  effect  of  the  cuff  Is  negligible.  It 
Is  not  unknown,  however,  for  electromagnetic  flowmeters  to  be  used,  with  flexible 
plastic  tubes  leading  from  a  severed  artery.  In  which  the  effective  length  of  the 
rigid  Insert  Is  ten  times  as  long  as  this,  or  more.  Consider  a  rigid  Insert 
15  cm.  long.  A  table  of  |v^|and  the  phase-lag  Is  given' below  for  the  first  four 
harmonics 


Harmonic 

lAj/Aj 

■  -phase  Ag/A 

1 

0.946 

19° 

2 

0.847 

32.15® 

3 

0.728 

43.3® 

4 

0.643 

51.5® 

This  table  shows  that  results  from  an  electromagnetic  flowmeter  with  a  rigid  In¬ 
sert  of  this  length  cannot  represent  normal  conditions  In  the  artery.  Any  rigid 
Insert  or  cuff  which  confines  the  artery  acts  as  a  low-pass  filter  and  introduces 
both  phase  and  amplitude  distortion.  It  Is  of  the  greatest  Importance,  therefore, 
that  Inserts  of  this  kind  should  be  kept  as  short  as  possible.  For  the  benefit 
of  those  who  may  wish  to  correct  observations  of  flow  which  have  been  made  with 
an  electromagnetic  flowmeter  with  a  rigid  Insert,  the  details  are  given  below; 

Let  the  Fourier  Series  fitting  the  observed  flow  be 

A^  +  2  A^  cosmnt  +  B^sinmnt) 
m 

t  I 

Then  If  f,  is  the  pulse-frequency,  n=2n-f,  and  if  A^,  are  the  Fourier  Coeffi¬ 
cients  for  the  corrected  flow, 

■  Aj,  +  B^.Sn-fml/p 

*  ®iii  ■  A,.2rrfml/p 
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In  another  type  of  electromagnetic  flowmeter  used  by  Spencer  (1956) ,  the 
artery  is  pressed  between  the  poles  of  the  magnet.  Its  diameter  across  the  gap 
being'  reduced  by  about  -20^,  but  left  free  to  expand  In  the  perpendicular  direction! 
Spencer  claims  that  this  will  have  a  trivial  effect  on  the  rate  of  flow,  since  the 
cross-sectional  area  Is  reduced  by  only  6^.  Whilst  the  present  theory  does  not 
take  Into  account  any  effect  produced  by  the  change  In  shape.  It  is  of  some  Inter¬ 
est  to  calculate  the  reflection  produced  by  this  order  of  change  In  area.  Let  the 
width  of  the  pole-pieces  of  the  magnet  be  Icm.  It  will  be  assumed  that  the  veloc¬ 
ity  of  wave-propagation  Is  unchanged  by  the  lateral  compression  of  the  artery. 

Since  I  is  small.  It  will  be  necessary  to  take  into  account  repeated  reflections 
at  the  two  ends.  Let  the  pressure  In  the  absence  of  constriction  be 
and  take  the  origin  of  z  at  the  point  of  constriction  i.e.,  at  the  proximal  end  of 
the  narrower  portion.  The  value  of  \  (see  7.4  and  7.5  above)  for  the  reflection 
at  this  point  Is 


).94  -I - >  e*^ 


(«  )-e  (a  ) 
0  2  10  ' 


...  7 .31. 


and  at  the  distal  end  it  will  be  the  reciprocal  of  this. 

If  Is  the  amplitude  of  the  reflected  wave  at  the  proximal  end, 

and  Aj  is  the  amplitude  of  the  transmitted  wave, 

Aq  2 

Aj  l+X 

when  this  reaches  the  distal  end.  Its  amplitude  will  be 

A.  »  — — —  .  e*^**^^c 
^  1+X 

and  at  this  point  It  will  give  rise  to  a  reflected  wave  of  amplitude 

A.  .  —  .  e*i»J4 

^  l+\  \+l 


which,  in  travelling  back  to  the  proximal  end  of  the  constriction  will  have  its 
amplitude  reduced  to 

.  A  -5-  —  .  e'2i“l/c 

•  1.x  ‘  x.i  •  ® 
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At  this  point  It  will  be  transmitted  back  into  the  larger  tube  with  amplitude 

A  2  A-1  2k  g-jinl/g 


1+A  \+l  i+X. 


It  will  be  seen  that)  for  the  higher  orders  of  reflection)  each  tine  the  wave 
traverses  the  constriction  in  both  directions  it  reappears  at  the  proximal  end  as  a 
reflected  wave  with  its  amplitude  reduced  in  the  ratio 


2X.(N-1 

d+M' 


•e-ainl/e 


...7.31. 


Adding  together  all  the  reflected  waves  except  the  first)  we  have  a  geometrical 
progression  whose  first  term  is 

^  l+\  (1+A)* 

and  whose  common  ratio  is  given  by  7.31  above.  The  sum  of  this  series  is 

^  *  (1+X)*  -2X(A-1)  e*2i"^/c 

In  calculating  the  flow  (see  7.4  above)  the  sum  of  all  the  reflected  terms 
must  be  subtracted  from  A^,  The  ratio  of  the  flow  in  the  tube  with  the  constric~ 
tion  in  place  to  that  when  there  is  no  constriction  will  be 

_i-..  2  _ 

1+X.  1+X.  *  1 +X.  *  (1+A)3  -  2A  ^-l)e‘ 


which  reduces  to 
2k 


2(\-l)e-a*“*/. 


(l+\)a  -  aA(X 


ZlT  e"2ini/c  I 


...7.32. 


If  the  flowmeter  constricts  the  tube  oy  only  a  small  fraction  of  its  total  area) 
7.32  may  be  approximated  by  writing  k  «  1-8,  and  neglecting  higher  powers  of  8. 
7.32  then  reduces  to 


J.  I 

(1-8 /j  \  2  J 


«  1  -  (l-e*2i«l/c) 


. . . 7 . 33 . 


so  that  for  a  slight  constriction  of  short  length,  the  effect  is  very  small  Indeed. 
For  Spencer's  instrument,  assuming  that  the  poles  of  the  magnet  are  1cm  wide, 
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and  the  modulus  of  will  he  given  by 

-  2Try  .at 

e  _  _ 

so  that  for  values  of  a>3  the  modulus  of 

1  . 

will  be  less  than  0«005j  and  the  effect  on  the  flow  will  be  very  small. 

It  would  seem  from  these  calculations  that  the  distortion  of  the  normal  flow 
Introduced  by  this  type  of  flowmeter  Is  negligible,  so  far  as  constriction  is  con¬ 
cerned.  The  effect  of  the  change  In  shape  caused  by  the  lateral  compression  of  the 
artery  is  not  amenable  to  simple  mathematical  treatment. 
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SECTION  VIII 


FIRST-OtffiER  PERTURBATION  CORRECTION  FOR  FINITE  VARIATION  IN  DIAMETER. 


Up  to  this  point,  the  rate  .of  flow  and  the  average  velocity  have  been  used 
Indiscriminately  as  indicators  of  "flow",  it  being  assumed  that  Q»  rrR^w,  But  this 
is  approximately  only,  since  at  any  time  the  radius  Is  not  R,  but  R+^,  and  ^  varies 
with  the  time.  A  better  approximation  would  be 

^  L  ^  \ 


and  inserting  the  value  of 


,  ttR^w 


this  becomes 


.  wR2w 


(-4-) 


•  «  eSal-* 


•  •  «  8*2 


Even  8-2  Is  not  fully  corrected  for  the  oscillatory  variation  In  radius •  In 
the  original  equations ^  R  has  been  regarded  as  the  boundary  from  the  point  of  view 
of  the  motion  of  the  liquid.  In  fact  the  boundary  of  the  liquid  Is  at  R+^.  If  we 
replace  R  by  R+^  In  8.11  and  assume  that  w  is  still  essentially  a  function  of  y, 
l.e.,  that  the  lines  of  laminar  flow  expand  and  contract  with  the  tube,  It  may  be 


written 


1^  Bw  R^  / 

y  By  V  \ 


•  • » 8  •  3  • 


the  inertia  terms  and  the  term  in  being  omitted*  If  we  seek  a  solution  of  8n3 
which  Is  of  the  same  form  as  that  for  a  constant  radius,  we  can  imagine 
represented  by  a  Fourier  Series  in  n(t-z/^),  and  corresponding  Fourier  Series  for 

w  and  substituted  In  the  equation.  The  products  of  the  Fourier  Series  can  be 

R. 

multiplied  out,  and  a  set  of  equations  for  the  velocity  components  obtained  by 
collecting  up  corresponding  terms.  The  wave-velocity  is  not  the  same  at  all  fre¬ 
quencies,  however,  and  on  multiplying  two  periodic  terms  together  there  will  be 
some  exponential  terms  "left  over"  as  it  were,  which  would  disappear  (being  equal 
to  unity)  In  a  system  with  constant  wave-velocity.  A  typical  term  is 

gln(t-z4^)x  eiii(t-z/g^) 

which  has  to  be  compared  with 


e2in(t-z4^) 


where  Cj  is  the  wave-velocity  for  a  frecfuency  and  is  the 
twice  this  frequency.  The  question  is,  therefore,  how  far  does 


and  c-  is  the  wave-velocity  for 
2 
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e2lin<i/Cj.l/C2) 

differ  from  unity?  If  four  harmonics  are  taken  In  the  Fourier  Series^  the  quanti¬ 
ties  to  he  considered  are 


where  Cj,  C2,  Cg,  c^  are  the  wave-velocities  for  the  four  harmonics.  The  largest 
1  1 

of  these  Is  ^ - wavelength  of  this  Is  approximately  four 

times  that  of  the  fundamental.  For  a“5  the  ratio  Is  greater  than  10; 1.  It  is 
reasonable,  therefore,  to  use  a  simple  perturbation  method,  along  the  lines  de¬ 
scribed,  to  solve  equation  8.3.  It  might  well  be  thought  that  this  correction  for 
radial  expansion  is  less  important  in  principle  than  the  correction  for  the 
quadratic  terms  in  the  equation  of  motion.  This  is  not  necessarily  so,  for  both 
corrections  are  concerned  with  terms  of  the  order  of  W/^,  and  could  be  of  equal 
importance.  It  will,  in  fact,  be  shown  that  they  are,  at  moderate  values  of  a,  of 
the  same  order  of  magnitude. 


Since  8.3  is  non-linear,  we  may  no  longer  write  the  pressure-gradient  as 

Aj,  ♦  AjS*”*  +  Age**®*  +  ».••. 

and  take  the  real  part,  or  half  the  interaction  terms  will  be  lost*  It  is  neces¬ 
sary  to  start  from  the  pressure  gradient  in  real  form  and  write  down  its  exact 
complex  equivalent.  Assume  that 

3p 

-  — -  «  Mg  ♦  MjCos  (nt+(pg)  ♦  MgCos  (2nt+(p2)  +,..  ..-8.4 

If  we  define  A  ,  A  -  A^,.,.  by 
O'  2 

A  -  M 
*0  o 

A^  = 

and  so  on,  then 

-  ^  =  A^  +  A^e*"‘  ♦  Aje-*®‘  +  ,  ....  ...g.g 

using  a  standard  notation  for  conjugate  complex  quantities.  Also  assume 

iQe 

w  =  Wg  +  w^e*®*  ♦  Wj^e"*®*  +  .....  ...8.6 
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e  -  .  iy'  *  +  .... 


Equation  6.13  will  be  true  for  each  harnonlC)  and  therefore 

%  _2f _ !l_ 


-•Int 

C  Tee* 


In  which  Is  the  complex  wave-velocity  for  the  m*’’  harmonic.  Taking  the  values 

'of  the  already  obtained  as  an  adequate  approximation  to  use  In  substituting  for 
in  8.8  we  have 


in  which 


2^  If  iBt  *  -int  ^ 

1  +  — •  1  +  -  JCe  +Ce  +...V 

a  Co  I  1  1  j 

f  A 


. . .8.3. 


...8.10. 


X  and  Y  have  the  same  meaning  as  in  Section  ill,  l.e., 

Cq/c,  - 

For  the  limiting  condition  of  stiff  constraint  this  reduces  to 


A.r2 


. . . 8 . 11. 


If  the  above  expressions  for  3p/Bz  and  1  ♦  are  Inserted  into  the  right- 

R 

hand  side  of  8.3  we  have,  omitting  the  constant  factor  RV^  B'^d  changing  sign, 

.(1+  JL.)  -|L.  -  +  A  e‘“*  +  A*e-^"*  +  Aje2i“‘  +  ... 

R  oz 

+  ■”  (  C,e*^“*  +  C,e’^"*  +  C_e*^“*  ♦  C,e"®^"*) 

Co  1  1  8  8 

♦  ^  (  Aje^“*  ♦  A*e‘‘”*)  (  Cje^“‘  +  C*e'^"*  +  ...) 

+  —  (  A^e^l®*  +  A*e-*^"*)  +  ...) 


+  ... 


...8-12. 


We  now  consider  the  term  In  1  +  -  on  the  left-hand  side  of  8.3.  This 

becomes 
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R2 

(u- 

2i\ 

1  ^  . 

V 

R  ) 

la  2 

(W, 

L® 

-w'Je-i-t 

)  +  2ia®(w2e®*’ 

it  ^ 

^♦e-2int)  + 

+  - 

la® 

Co 

(wje 

Int  -WjC" 

^®*)  (Cje*“*  + 

C\e- 

int  +  c^e®!®*  +  ...) 

2ia* 

(w^e 

2int 

-2int) 

*  ct 

g-int  c^e®^®*  +  ...) 

• • • 8 • 13 • 

■I’  ••• 

If  now  8.12  and  8.13  are  inserted  In  8.3,  and  corresponding  powers  of  e*“* 

are  collected,  a  set  of  equations  for  w^^  w*  .  can  be  written  down.  The 

terms  Independent  of  e^®*  give  the  equation 


d®w 

dy 


o  1 

2  „ 


dw. 


A„R2 


dy 


M  /«So 

la2 


(AjCj  +  AjCj  +  ....) 


jot'.  - 


Cl*’  *  2(C’.J  -Cj« 


I  )  *  "j 


•  •  • 8e 14 ■ 


All  approximate  solution,  coirect  to  order  can  be  obtained  by  inserting 

the  known  forms  for  w^,  w*«,,,  on  the  right-hand  side  of  this  equation.  If  this 

is  done,  the  integration  can  be  carried  through,  and  the  result  expressed  in  terms 
of  functions  already  known.  The  first  term  on  the  right-hand  side  gives  the  usual 
Polseullle  solution.  Since  8.14  is  linear  in  the  unknown  w^,  we  may  consider  the 
contribution  to  the  solution  from  each  term  separately.  The  general  term  for  the 
m***  harmonic  gives  the  equation 


d^w^  1  <**'0 

dy2  y  dy 


»:  c.) 


Ima* 


(cjw.-e.w*) 


♦  • » 8 • 15 ■ 


The  value  of  a  appropriate  to  the  m***  harmonic  is  =  a  m,  so  that 

id2.  The  values  of  w^,  w*  to  be  inserted  in  8.15  will  be  (expressing  6.3  in 

terms  of  the  pressure  gradient,) 
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Inserting  the  expressions  for  C,  and  C*  this  becomes,  after  some  obvious  re¬ 
ductions, 

1  f 

j  |X-iY|M;^(a,)M;^(a,)co8  Ph(X.+lY.)+ph(-T7,)j 


For  the  limiting  condition  of  stiff  constraint  this  reduces  to 


1  1  /“.V  #  (,  V 

^  •  i  \1^)  ■  T  •  {■'>•<“■'1 


cos  - 5 - 


...8.21. 


It  is  possible,  therefore,  to  prepare  a  table  of  standard  correction  functions 
by  calculating 

w-  '  >  .•/!  f„-  ll 


•  a • 8  *22  a 


for  the  full  range  of  values  of  a.  For  any  given  pulse  form  the  correction  to  the 
steady  term  will  be  . 


1  /«.  \  2 


...  . 8 . 28 . 


and  this  will  be  in  the  same  direction  as  the  main  term. 


We  now  turn  to  the  construction  of  the  corresponding  standard  correction 
functions  E(t,m)  and  E(l— m),  being  the  effect  of  the  and  m***  harmonics  on  the 
(I+m)***  and  (I-m)***  harmonics  respectively.  The  equation  for  the  former  is 

d^w  1  dw  „  1  oS 

jpS  +  y  ay  -  - J-  (i.C,.  AjC.) 


1  fX, 

+  -T-  .  (mCjW,  +  I  C,Wj) 


a  a  a  8  s24s 


Inserting  the  values  of  and  this  becomes 
dV  1  dw  ,  1  Ra 

—  +  -  —  -l(I+m)o2w  ■ - CjA^17  — - — — - — 

dya  y  dy  c^ /x  Jo<tt.i®'a> 

1  r2 


. . . 8 . 28 ■ 


and  this  can  be  Integrated  by  using  the  well-known  result: 
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If 


d^w  1  dw  2  AJjj(Iy) 

— -  + - +  k“w  B  - 

dy*  y  dy  J-(I) 


then  the  Integral  of  this  which  vanishes  at  y  ■  1  Is 

Jo(iy)  Jo  (10^) 


k2-l2  ( 


Jo(0  Jo(k) 


The  solution  of  8 >25  Is,  therefore, 
1  1 


1®  (l+in-ni)a2 


) 

\ 


I  • • 8 • SG • 


u,yi®^2) 


L  "O 

I  JoKl®^2)fJ 


together  with  the  sane  expression  with  I  and  n  interchanged.  The  corresponding 
average  velocity  will  he 


1  R2  1  f  . 


-  mIoK> 


together  with  the  sane  expression  with  1  and  n  Interchanged. 

We  may,  therefore,  write  the  above  correction  in  the  form 


where 


Cp  \  tma^/  \Mla*  / 


E{l,m)  -  .F(I,m)  +  (-tj  j)  .F(m,  I) 


.8.27. 


1?  In  imposing  the  condition  that  all  the  correction  terms  vanish  at  y«l,  a 

further  approximation  is  being  made.  Physically,  it  enforces  the  condition  that 
the  motion  of  the  wall  is  due  to  the  main  terms  only  and  the  correction  terms  have 
no  effect.  Since  the  correction  terms  are  small,  this  approximation  may  be  ade¬ 
quate.  For  complete  consistency,  the  arbitrary  constants  in  the  expressions  for 
average  velocity  which  are  substituted  in  the  equation  should  be  left  'floating* 
and  the  fully  corrected  solution  substituted  back  in  the  equations  of  motion  of  the 
tube.  The  'frequency-equation'  would  then  be  non-linear,  and  the  pulse-velocity 
would  depend  on  the  particular  form  of  the  pressure  function.  The  same  situation 
will  arise  if  a  similar  method  is  used  to  calculate  the  Inertia- term  correction. 
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and 


F(l,m)  •  -  (Xj-iTj)Mj„  (aj)e 


■MlO ^ 


We  now  consider  the  actual  form  of  the  (I+m)**’  harmonic •  For  a  pressure- 
gradient  In  real  form  It  will  be  necessary  to  combine  the  two  terms 

m  +  ^  -l(I  +  B)nt 

*l+B®  Z+a® 

The  correction  term  will  be  therefore.  In  real  form, 


-  ^  (iSp')  •  (  1^")  |E(^“)lco®  |(Z+m)nt  +(p  j+<p,+phE  (Z,m)  j 


•  ••8a  28 • 


and  It  will  be  convenient  to  have  a  table  of  E(Z,m)  In  modulus  and  phase  form.  For 
the  limiting  condition  of  stiff  constraint  the  formula  for  E(Z,m)  simplifies  con¬ 
siderably.  E(Z,m)  then  becomes 

E{Z,m)  =  F(Z,m)  +  F(m,  Z) 

and  m  fa  i  i  '  f  #  '  » 


• • • 8 • 2d • 


The  formula  for  F(Z,-m)  can  be  written  down  at  once  by  substituting  -m  for  m  in  the 


above.  Thus 


•  •  •  8  •  30  • 


The  above  formulae  do  not  apply  when.Z  or  m  *  0.  For  the  effect  on  the  m 
harmonic  of  Its  own  interaction  we  have 


d^w  1  dw  r2 

— -  +' - +  l^ma^w  - AC 

dy*  y  dy 

and  since  the  right-hand  side  Is  constant  the  solution  of  this  is 


. .  .8.31. 


c  1/ima' 


.C  ,  11  - 


.i3/2>  j 
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and  therefore  the  correction  term  is 


in  which 


"  ^  •  E(m,0)  .co8[mnt+<p,+phE(m,0)] 

;(m,0)  ■  ***  ®  lo 


and  for  the  limiting  condition  of  stiff  constraint  this  reduces  to 

Jq  f  3/2  '  I 

E(m,0)  •  “g"  1**^^ (a^)l  e^* ‘  ...8>d2. 

We  now  consider  the  practical  application  of  these  formulae.  In  the  applica¬ 
tion  to  arterial  flow,  four  harmonics  In  the  pressure  gradient  are  usually  suffi¬ 
cient.  The  formulae  for  the  components  of  the  corrected  average  velocity  are 
written  out  In  full  below: 


M„R* 

w  .  +  - 

8fJ.  ® 


i_  2  .  E(m,-m) 

o  m=l  W  / 


•  *  aSvSd • 


•  “10  sln(nt-q,^+  £,„) 


"  ^  (^)*  (^)  ^nt-q>^+phE(l,0)| 

"  ^  *(^) 

-  ■^-C — ^  •( — A  I E (3, -2)1008  fnt-((p  -cp  )+phE(3,-2)| 

®o\3«Po/  \2nPoy  \  ?  2  J 

“  •  (3^)  l®<4»-3)lcos  |nt-(<p,-(p3)+phE(4,-3)j 

*2  “  sln|2nt-(p2+e"io('i2^| 

-  ( — —  J  .  ( — ^  J  .  I E  (2,0)  I  cos  (2nt-q>  +phE(2,0)\ 

®o  V^of  \^^o/  \  .  J 


. . .  8  •  34 . 
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-  ^  1e(1,1)  Icos  ^2nt-2<Pi+phE(l,l^ 

’  ^(3^)  ■ 

■  71  (4^)  '(S^)  l®»*-2)l'=“{8n<-(VP>>+l>l>®».-2)] 

•  f  •  ^ 

*  “10  |3nt-(p3+ej„(a3)  J 

■  t  (^)  ‘  (^)  ‘  {3nt-,3+phE(3,0)] 

~  ^(zr^  •  (n^)  •  |E(2,1)  |cos  |3nt-(q)jj+(P3)+phE{2,l^ 

W  **4  '  ,  f  “  ^ 

4  =  -  M  (a  )sln  J4nt-<p.+e,- (a.)l 

4np^  JO  4  (  '^4  10'  4'J 

- {- -  J  ( — ^  j  |E  (4,0)  [  cos  J4nt-(p  +phE(4,0)l 

Co  \4np^/  V4np„/  \  <  / 

-  “  ^  ®  ^  °®®  ^4nt-2<P2+phE  (2,2^ 


•  • • 8 •SS  4 


r • • 8 • 36 • 


•8-37. 


As  an  example  of  the  magnitude  of  a  typical  set  of  corrections,  a  complete 
calculation  has  been  done  for  one  of  McDonald's  experiments  on  the  femoral  artery 
of  the  dog.  Fourier  Analysis  of  his  pressure  gradient  record  gave 
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"dz 


•  0.159  +  0.774  cos  (nt+0*^39' ) 

^  1.317  cos(2nt-82046' ) 

-  0.743  cos  (3nt+26°30') 

-  0.414  cos(4nt-16®39*) 


These  coefficients  are  In  imo.  of  mercury  per  centimetre.  The  conversion  con¬ 
stant  to  bring  them  to  absolute  units  was  included  in  the  common  factor  1/^^.  . 

It  is  not  possible  to  make  an  accurate  estimate  of  c^  until  accurate  measurements 
have  been  made  over  short  lengths  of  artery.  The  author  was  permitted  to  examine 
the  film  record  of  this  experiment^  and  made  a  rough  measurement  of  the  maximum 
arterial  expansion  on  the  projected  image.  This  gave  a  maximum  ^/r  of  about  6^. 


Since 


and  the  maximum  average  velocity  was  88  “/gee*  ^^^Ich  suggests 


600  <  <  700  ®"/sec. 


The  pulse  velocity,  estimated  from  records  of  other  experiments,  suggested  a 
value  of  c^  of  about  850  ®“/sec«  Two  sets  of  corrections  have,  therefore,  been 
calculated,  for  e^-iooo  ®®/gec  ®®/sec.  These  have  been  carried 

out  for  the  limiting  condition  of  stiff  constraint  only.  As  may  be  seen  from  Fig. 
32,  the  effect  Is  not  very  marked,  even  for  c^*500.  The  curve  for  c^-lOOO  is  not 
shown.  In  table  7  the  Fourier  Coefficients  are  shown  for  the  uncorrected  average 
velocity  and  the  two  sets  of  corrections. 

These  results  Indicate  that,  particularly  during  systolic  flow,  the  main  effect 

of  the  finite  expansion  on  the  rate  of  flow  Is  the  factor  1  +  §£  when  multiplying 

R 

the  average  velocity  by  the  cross-sectional  area. 
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Table  7k 


Uncorrected 

Co  •  1000 

®o  -  600 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

of 

of 

of 

of 

of 

of 

m 

cos  mnt 

sin  nmt 

cos  mnt 

sin  mnt 

cos  mnt 

sin  mnt 

1 

+19.08 

+33.14 

20.01 

32.44 

31.76 

2 

-31.78 

+14.89 

-32.57 

15.57 

16.25 

3 

-  8.79 

-10.58 

-  8.47 

-10.69 

-  8.16 

-10.79 

4 

-  0.44 

-  5.86 

-  0.15 

-  5.73 

0;14 

-  6.47 

Fie  32 
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SECTION  IX 


THE  FIRST-ORDER  PERTURBATION  CORRECTION  FOR 
THE  QUADRATIC  TERMS  IN  THE  EQUATIONS  OF  VISCOUS  FLUID  MOTION 


The  correction  for  the  quadratic  terns  In  the  Navler-Stokes  equations  follows 
the  sane  pattern  as  the  correction  for  finite  expansion^  with  one  Important  dif¬ 
ference.  If  the  same  forms  for  p  and  w  are  substituted  In  the  equation  for  the 


longitudinal  velocity, 

_  R°  9p  ^  R  ^  3w  ^  R°  ^  8w 

3y*  y  9y  V  3t  |l  9z  V  3y  V  3z  9.1 


and  a  solution  Is  sought  along  the  sane  lines  as  In  the  previous  section.  It  Is 
found  that  the  functions  on  the  right-hand  side  of  the  resulting  equations  are 
(since  they  contain  quadratic  terms  In  the  velocity  components)  products  of  three 
Bessel  Functions,  and  when  an  attempt  Is  made  to  solve  these  by  the  method  of 
Variation  of  Parameters,  the  resulting  quadratures  Involve  products  of  three  Bes¬ 
sel  Functions,  which  do  not  reduce  to  known  forms.  To  find  the  average  velocity 
across  the  tube  requires  a  further  quadrature ,  and  the  amount  of  numerical  Inte¬ 
gration  required  Is,  at  first  sight,  quite  formidable. 

As  the  main  objective  Is  to  find  the  effect  of  these  terms  on  the  average 
velocity,  there  Is  an  obvious  advantage  In  seeking  a  method  that  will  give  the 
average  velocity  directly,  without  the  calculation  of  the  velocity  profile  across 
the  tube.  This  can  be  done  by  using  the  quantity 

y 

^“/w*2y*dy  9.2 

Q 


which  Is,  In  effect,  the  Stokes  stream  function  of  the  motion.  Before  deriving 
the  detailed  equations  from  8.1  we  prove  a  general  result  which  will  be  required 
for  their  solution.  Consider  the  equation 


^  +  -L  ^  + 
dy®  y  dy 


l®a®w 


=  f(y) 


9.3 


In  which  f(y)  Is  a  known  function  of  y.  The  corresponding  equation  for  q  Is 


In  which 


dy" 


-  ~  ^  +  i®a“q  =  g(y) 
y  dy 

g(y)  -  •  2y  •  dy 

o 


9.4 
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The  solution  of  0.4  which  Is  zero  at  y  0  is 


era  \  ■> 


g(y)  .Ji(ayi*^*  )  dy 


Since  w  =  0  at  y  •  1  the  equation  to  determine  A  is  *  0  at  y  =■  1  9.6 
Differentiating  9.5  and  inserting  y  =  I5  the  equation  for  A  is 


0  -  Aai®^tro(ai“'®)  +  Oi*'®Jo(ai*  *)  J  y  ([j^^yi”^ 

■*  jlfe’'")'  I  ^ 

SO  that  .  y 

,  -  -  j— .  j 

ind  when  y  *  1  this  reduces  to 


so  that 

q  .  _ 


L®^)  * 

a\ 


g<y)Ji(ayi®'®)  dy 


gOr)Ji(ayl  )  dy 


and  when  y  ^  1  this  reduces  to 


1  / 

g(y)  Ji(ayi*  *)‘iy 


This  can  he  put  into  a  more  convenient  form  by  a  single  integration  by 
parts.  It  then  bec<»ies 

,1  -/*.  . 


!_ll 

/s\  J 


f(y)  •  2y  •  dy 


J  ^  Jo  («!”'*)  ^ 

o 

The  determination  of  the  correction  to  the  average  velocity  is  therefore  re¬ 
duced  to  a  single  quadrature.  Moreover  the  function  which  multiplies  f.(y)  is 
that  which  has  already  been  calculated  in  finding  the  velocity  profile  for  the 
rigid  tube. 

Returning  to  9.1  and  Inserting  the  following  expressions  for  dp  ^ 

dz 

*"  ”  Ao  +  AiOxp  ^In (t-z/cj,)^  +  A^exp  •|^-ln(t-z/ct  +  ..... 

+  A^exp  ^imn  (t—z/ca)  J  +  Aaexp  ^  Imn  (t-z/c*  ) ^  +  » . , 
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w  =  Wo  +  Wjexp  ^ln(t-2/ci)^+  Wicxp  ^-inCt-z/ci  ••• 

•  •  Wmexp  ^  Imn  (t-z/ca 

u  *  UjCxp  |in(t-z/ci)^  +  U^exp  |^-ln(t-z/ci  )j+ ••• 

...  +  Uj^exp  ^iiBn(t-z/c^)^  +  i^exp  ^-lnn(t-z/c*)J+  ... 


where  Is  the  complex  wave-velocity  of  the  n*''  harmonic,  the  equations  for 

the  Wo,  Wi  ....  become,  after  collecting  up  powers  of  e^°^, 


^“*0  +  1 

A„R° 

1  R* 

X  -  _ 

dy  y  dy 

U 

% 

d^Wi  ^  1  dwi 

dy2  y  dy 

~  J.  u 

9.11 


9.12 


and  similarly  for  the  other  harmonics. 

As  with  the  expauislon  correction,  if  the  known  forms  for  w^  and  are 

Inserted  on  the  right-hand  sides  of  these  equations,  they  have  become  linear,  and 
the  effects  of  the  Interactions  between  the  harmonics  can  be  treated  separately. 
We  now  write  down  the  equations  for  these  Individual  interactions.  There  are 
four  different  forms  to  be  considered. 
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1. 

Is 


The  effect  of  the  mth  harmonic  on  the  steady  flow*  The  equation  for  this 


1  jL(y  1  ^  .  d*,  \ 

y  dy\  dy/  c^v  R  dy  R  dy  J 


in  which 


1!*.  .  ^  .  iaL  /  ,  ,  I 

R  inm/J  2cb  «■  *  i  ®Jo  (#.1®^  “)  J 

uj  A*  -imn  (  *  2Ji  (o.yi”®^  ^ 

R  -imnp  2C*  1  a.i  a/^JoCaal  ®'®)  / 

^  .  /  -  «  .«  ^®/®  .  ) 
dy  imnp  ■  J©  (o*!®'  *)  J 

dy  -imnp  Jo  (a.  1“®^®)  J 


so  that  the  ri^t-hand  side  of  9«13  becomes 


Cq  \  BSnapaj  \  2  «  i-'3/  adjo(a  i“3/a)j  'jo(ct  i®/  a  ) 

£2  /y  *  *,  Jt(aBy^"'^'')  \  ) 

c,  (^m^nVY  d.  |2  ^7^^ 


If  now  we  define  the  standard  correction  function  as  being  such  that  the 
effect  of  the  m***  harmonic  on  the  steady  flow  is 


)w(m,-m) 
Co  \  mnp  / 

1,-m)  =  w  •  2y 


in  which  w  is  the  solution  of  the  eauatlon 


1  ±(^\ 

y  dy  I  dy  y 


2  ? 


„  -  *  3/  a  Ji  (o,  i*  *y) 

RhO^I  y - - 1 — 

Jo(o.i  ) 


2  c 


^  •  n:.  . 

i\bU|X  jr  -  .-3/2  V 


.  •  Jo(a-r'’'*y) 
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+  2a*  |ti*| 


o 


9.15 


(Tv 


Ifultiplying  9*10  by  y  and  integrating  frcm  zero  to  y* 


dw 

-  Ill 

12  . 

„2  J2 (®B^ 

^  dy 

2 

c* 

■ 

11  y  . 

■  Jo (a,i 

!l  ^  •  n  y“  fo  .  *  *  Ja(tt,i~^^V) 

®  ®:  ■  ^7a,l  2  c  ^  JoCa.!-**^^) 

_y_  Ji  Jo(M'“^*y)  .  d  fjo(a.i"'"  y)| 

=2T«|  [  Je(v-3/2  )  ^  |jo(a;ig/g  ■)  J 

+  1  Jo(d.i  ,  d_  fjo(«jjl2^Ml 

Jb  (a,i  “^y)  dy  |jo(a,i  -8/a)y  J 


Prom  the  recurrence  relation  for  Bessel  .Functions, 

y  Jg  W  .  2Ji  y  Jo(ky) 

Jo(ic)  kJo(k)  Jo(k) 
and  therefore  9*16  can  he  Integrated,  giving 

w  =  ifiL  .  A  f  1 

2  ^  ■  Pdf  [  ^  ■  Jo(v"^)J 

+  .  £o  .  ^  -  _ y 

2  «■  "I  fl^ie/2  Jo(a.  l“/“)  V8/2 

together  with  Its  complex  conjugate  and 


a.  Co 

+  '■  I  ♦  ■  •  fk 

2  ? 


.  j  A  i^/«y?1 
Jo(«-  1  J 


+  £jIL 


•  u=  I  •  fi  -  \  ®-" 

m.  I  Jo(a~i®^®  >  Jo(aBi'“'*  )  J 


Integrating  again  to  obtain  the  average  velocity, 
W(m,-m)  »  — (-T\)  •  —  Mio  ii-(- 


1/  \  Co  *  .i»l®10.'  1®  /Co\ 

-H)  •  —  Mio  « 

4  c*  8  c* 

_  12*  £2-  .  .  ^  Jg(al*^  °) 

4  c*  ^  l*oi*  Jo(ai®'^  “) 

together  with  Its  conjugate  and 
4  U/^  ''''  aP^“Jo(ai'’'b)J 


1  ,  Jo(gl*'°) 

Jo(aP^*) 


This  last  result  follows  from  the  example  given  In  MeLachlan*s  "Bessel 
Punctlons  for  &iglneers"  Ch  VII,  Page  146  (Second  Edition,  1955)* 
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t 


As  written^  this  is  in  the  same  direction  as  the  steady  stream*  The  combined 
effect  of  this  correction  and  that  due  to  finite  expansion  is 


T(m,-m)  = 


3  I  i  I  ^10 

“r®io  ~  cos  e/ocos-^ 
2  4  '  2 


+  -^ioCOS 

A 


(si"  ^  “  Mio  sin 


A  graph  of  T(m,-m)  as  a  function  of  a  is  shown  in  Fig*  33*  It  will  he 
seen  from  this  that  the  steady  flow  is  augmented  for  all  values  of  a  less  than 
lOj  hut  that  as  a  Increases  further  the  effect  of  inertia  is  dominant  and  the 
steady  flow  is  hinder^'h'y  the  presence  of  the  oscillatory .  terms*  The  amount  of 
this  combined  correction  for  the  results  of  McDonald  already  quoted^  is  given 


below:  c  is  taken 
o 

to  be  10  metres/sec* 

'i  m  • 

m 

V 

Co  \mnA>  / 

T 

Contribution  to  Wq 

1 

2*696 

0*537 

1*448 

2 

0.488 

0*539 

0*263 

3 

0*031 

0.455 

0.014 

4 

0.00003 

- 

1.725  cm/sec- 

In  McDonald's  experiment  the  measured  steady  term  was  15  cm/sec,  so  that 
this  correction  is  about  12^,  and  by  no  means  negligible* 
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2*  The  effect  on  the  m*’'  harmonic  of  its  own  interaction  with  the  steady  flow. 
The  equation  for  this  interaction  is 


d*w  1  dw  a 
-  + - + 

dys  y  dy  * 


JL  .  dw^  Itt^  .  c„  . 

C  V  R  dy  Co  Ca 


*0*.  9.22 


so  that  the  equation  for  the  standard  correction  function  is 


d  w  1  dw  .  .8  .2 

—  X  _  __  X  j  /«  n 

dy»  y  dy  ■ 


■  «.  1  •  «.i" ‘Jo jf 

\  *  JoCo.l  •^)J 


Solving  this  hy  9*10)  the  standard  correction  function  is 


W(mjo) 


-i!;  ff,  -  •>  f,. . ,  .] 

c,  Jo(a,l  »'  *)  j  V  ■  a8i»^*Jo(aai»^*)  ) 

- 1  is  ft .  j!s.(«..»>‘^) )  |i  *  ^  £42-441  (,. 

C,  J  ^  Jo  (a«i  j  1  ^  Jo  (a.  18/ 2)  j  ^ 


(l-y  )  2ydy 


All  the  terms  in  these  two  Integrals  can  he  expressed  in  terms  of  Jo(®l*^*) 
and  J,(ai’^®)  . 


The  necessary  reduction  formulae  can  he  found  in  Watson:  "Theory  of  Bessel  Func¬ 
tions"  Ch.  V.  It  isj  however,  simpler  and  quicker  to  evaluate  them  by  direct 
numerical  integration. 


For  the  pressure  gradient  in  real  form,  this  W(m,o)  must  he  combined  with 
its  conjugate,  in  the  same  manner  as  was  done  for  the  expansion  correction.  Thus, 
the  complete  interaction  tem  will  he,  for  the  m^**  harmonic. 


~  f-^^)lw(m,o)|co8  ji 

Co  \  411  y .  ^  mne  J  { 


mnt  -  ldiW(m,o)| 


3.  The  effect  on  the  (k-m)*^  harmonic  of  the  interaction  between  the  and 

m^'^  harmonics. 


The  equation  for  this  is. 
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d  w  1  dw  8  9 
+  -  + 

dy  y  dy 


1  5*  .  dw|_  ^  ^  dWfcl 

CqP  \  R  dy  R  dy  j 

id^  I  kco  mcol  « 


SO  that  In  the  equation  for  the  standard  correction  function  the  right-hand  side 


,,2  <s.  (y  ■  1  f  n  >  (■  i”'® 

.:s»1  fi  .  ..  J. («»»’' V)i  f.  .  -»  Jo(a.i-‘'*y)1| 


-  itf 


and  the  standard  correction  function  is  obtained  from  t^ls  by  the  use  of  9»10> 


WADC  TR  56-614 


93 


For  the  limiting  condition  of  stiff  constraint  the  result  Is 
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When  the  W(k)m)  are  ]aiown>  the  expressions  for  the  corrected  components  of 
the  average  velocity  can  be  written  iclown^  being  similar  in  form  to  equations  8.34  - 
8.37  with  the  W(k,m)  taking  the  place  of  the  E(k,m).  The  coefficients  multiplying 
the  W(k,m)  in  these  expressions  will  be  the  same  as  those  multiplying  the  E(kym)  In 
equations  8.34  -  8.37,  except  for  the  W(m)0)  which  will  be  as  shown  In  9.25.  Except 
for  the  Interaction  with  the  steady  flow,  therefore,  the  E(k,m)  and  the  W(k,m)  can 
be  combined  Into  a  single  standard  correction-function  T(k,m).  The  question  of 
the  preparation  of  tables  of  T(k,m)  over  a  full  range  of  values  of  a  up  to  the 
fourth  harmonic  Is  at  present  being  considered. 

In  order  to  make  an  estimate  of  the  magnitude  of  the  correction  for  the  same 
experimental  results  as  In  Section  VIII t  the  values  of  the  W(k,m)  for  a  “  3.34, 
k  and  m  <  4  were  calculated  by  numerical  quadrature.  The  computations  were  per¬ 
formed  on  the  1103  computer  In  the  Computation  Branch,  Aeronautical  Research  Lab¬ 
oratory,  being  programmed  and  supervised  by  Lt  L.  O’Dell,  USAF. 


Table  7B 


Values 

of  W(k,m)  for 

a  ^  3.34 

k,m 

»!■ 

|wl 

phW 

1,0 

0.6745 

-0.4100 

0.7893 

-31°. 29 

2,0 

0.4986 

-0.6424 

0.8132 

-52° *18 

3,0 

0.3961 

-0.7106 

0.8135 

-60°. 86 

4,0 

0.3369 

-0.7423 

0.8152 

-65°. 59 

1,1 

0.0966 

0.3030 

0.3180 

72°. 32 

2,1 

0.3130 

0.6453 

0.7172 

64°. 12 

3,1 

0.3110 

0.6575 

0.7273 

64°. 69 

2,-1 

0.2495 

0.9197 

0.9529 

74°. 82 

3,-1 

0.2782 

0.4594 

0.5371 

58°. 80 

4,-1 

0.2870 

0.2381 

0.3729 

39°. 68 

3,-2 

0*1450 

1.4288 

1.4361 

84°.  20 

4,^2 

0.3032 

0.9189 

0.9676 

71°. 74 

4,-3 

0.0261 

1.7606 

1-7608 

90°. 85 

2,  2 

0.2392 

0.2256 

0.3288 

43°. 32 
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The  trapezoidal  rule  was  used  for.  integration,  one  hundred  ordinates  being 
taken  in  the  range  0  <  y  <  1.  The  values  of  the  W(k,ni)  are  given  in  Table  7A. 

These  values  of  the  W(k,m)  were  substituted  In  the  expressions  for  the  veloc¬ 
ity  components  (l.e«  those  corresponding  to  8*34  -  8>37  above)  together  with 
the  components  of  McDonald’s  observed  pressure  gradient.  The  resulting  values  for 
the  coefficients  in  the  Fourier  Series  for  the  average  velocity  are  given  In  Table 
7B  together  with  the  values  of  the  coefficients  when  this  correction,  and  that  for 
finite  expansion,  are  combined. 

Table  7C 

Harmonic  Quadratic  Term  Combined  Correction 

Correction  only. 

Coefft  of  Coefft  of 

cos  mnt  sin  mnt  cos  mnt  sin  mnt 

1  22.51  33.94  24.37  32.65 

2  -  31.56  13.92  -  33.15  15.28 

3  -  7.36  -  10.16  -  6.72  -  10.36 

4  -  0.94  -  6.34  -  0.36  -  4.96 

The  average  velocity,  with  the  combined  correction,  is  shown  in  Fig.  34.  The 
full  line  shows  the  uncorrected  average  velocity,  and  the  discrete  points  are  the 
values  of  the  corrected  average  velocity,  plotted  at  Intervals  of  15®.  The  cor¬ 
rection  increases  the  predicted  value  of  the  systolic  peak  by  about  5^,  and  pre¬ 
dicts  greater  backflow.  The  differences  between  the  corrected  and  uncorrected 
values  are  small,  never  being  more  than  7  cm.  per  second,  and  since  these  correc¬ 
tions  are  exaggerated,  the  value  of  Cg(  »  500  cm/sec.)  taken  being  about  two-thirds 
of  its  value,  these  non-linear  corrections  would  seem  to  be  an  unnecessary 
refinement. 
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FIG  34 


Variation  in  average  velocity  over  one  cycle  in  the  femoral  artery  of  the  dog, 
calculated  from  the  observed  pressure  gradient  of  Flgi  6«  Full  line  -  without  non¬ 
linear  corrections.  Isolated  points,  with  combined  correction  for  Cg  500  cra/sec. 
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SECTION  X 


THE  "EXACT"  SOLDTION  FOR  OSCILLATCXIY  MOTION 
IN  THE  PRESENCE  OF  A  STEADY  STREAM 

WRilst  the  perturbation  method  Is  the  obvious  first  step  toward  taking 
account  of  deviations  from  linearity  In  a  system  which  is  approximately  linear^  It 
Is  always  desirable  to  have  an  exact  solution.  If  one  can  be  obtalned,ln  a  practical 
and  usable  fora*  It  Is  shown  below  that  the  exact  solution  for  the  Interaction  be¬ 
tween  a  sinusoidal  oscillation  and  a  steady  stream  can  be  derived  in  terms  of  a 
Confluent  Bypergecmietrlc  Function  of  cos^lex  argument*  This  function  has  never 
been  tabulatedf  and  to  study  the  implications  of  this  exact  solution  on  the  motion 
of  the  liquid,  the  wave-velocity,  and  on  the  perturbation  formulae  of  the  previous 
section,  requires  an  elaborate  program  of  computation  which  Is  at  present  under 
consideration*  It  Is  possible,  however,  to  derive  some  close  approximations  in 
terms  of  Bessel  Functions  when  the  velocity  of  the  steady  stream  Is  small  compared 
with  the  wave-velocity,  and  these  are  discussed  In  some  detail* 

An  approximate  solution  of  this  problem,  when  the  amplitude  of  the  oscilla¬ 
tion  Is  small  compared  with  the  steady  stream,  has  been  given  by  Morgan  and  Fer- 
rante  (1955) ,  who  by  a  close-reasoned  physical  argument,  based  on  a  critical  study 
of  the  magnitudes  of  the  quantities  Involved,  derived  simple  formulae  for  the  wave- 
velocity  which  they  compared  with  some  experimental,  results  obtained  by  Muller* 

As  In  the  earlier  paper  (Morgan  and  Klely  1954)  the  motion  of  the  liquid  Is  not 
discussed  at  all* 


In  the  great  arteries,  however,  the  oscillatory  terms  are  at  least  as  large 
as,  and  very  often  considerably  larger  than,  the  steady  stream,  and  the  assumptions 
made  by  Morgan  and  Ferrcuite  do  not  apply*  It  is  very  desirable,  therefore,  that 
the  nexact"  solution  be  studied*  The  solution  given  belew  Is  called  "exact"  in 
quotation  marks  because  It  omits  the  generation  of  higher  harmonics,  assuming  that 
they  can  be  accounted  for  by  perturbation  theory*  The  ai>proxlmations  In  terms  of 
Bessel  Functions  which  are  given  depend  for  their  validity  only  on  the  smallness  of 
the  steady  stream  velocity  In  relation  to  the  velocity  of  wave-propagation,  and  not 
on  the  relative  magnitudes  of  the  velocities  of  the  steady  and  oscillatory  streams. 


We  asstime 


Ao 


iii(t-z/c) 

+  Aje 


10*1 


Wo  +  w^e 


ln(t-z/c) 
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10*3 


From  the  equation  of  continuity 


^  qi 
2c 


where  q^  has  the  same  meaning  as  in  the  previous  section^  l.e*j 


Oi  “  /  wt  •  2y  •  dy 

o 


AflR  , 

•« '  - » > 


■  8  »o (1  -  »°) 

dwo 

»  -  4  Wo  y 


Uo  *  0 


Substituting  these  In  the  equation  for  the  longitudinal  velocity,  9*1,  we  have 


li*  *  i 

dy  y  dy  v. 


2wo  ^  2. 

— ^  q  -  la  - (l-y  )Wi 

c  c 


Now  write  b^  2wo/c)  the  ratio  of  the  axial  velocity  of  the  steady  motion  to 
the  wave-velocity*  The  equation  then  becomes 


^  *  i  ^  .  -M  _  f  ..  ayajr  -  L-b',,  (1-,')  “•» 

dy  y  dy  H  *'o 

If  the  second  term  on  the  right-hand  side  of  10*9  is  Integrated  by  parts  the 


J  wi  2ydy  -  ia*b®wi(l-y®) 


equation  becomes 

d®w  ^  1  dWi  9  a 
^  ^  +  1*0* 
dy  y  dy 


(l-h*)Wi  +  i*a*b* 


idv  =  » 


10.10 


A  Particular  Integral  of  this  equation  Is 

AiR* 

ilio®  (l-b®) 

and  the  complete  solution  of  10*10  will  be  the  sum  of  this  and  the  solution  of 
10*10  with  the  right-hand  side  zero*  Changing  the  Independent  variable  to 


and  defining  y  as 


i  2 
boi  y® 


Y  «  bal*(  -^2-  1) 
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this  becomes 


(■sV 


1 

0 - 'M 

S’ 

11 

0 

10.11 

and  V  written  for 

x^ 

dx 

it  becomes 

1 

< 

It 

0 

10*12 

which  is  Whittaker's  form  of  the  equation  for  the  Confluent  Hypergeometric  Function 
The  solution  is 


“-Y/4.  1/2*  (*)  *  iFi  2,  x) 


10*13 


and  therefore 


-  •  Cl  e  jFi  ^1  +  ~f  2,  xj  10,14 


dw 

The  second  solution  of  10*12  is  not  required,  since  — ~  -  0  at  y  =  0* 

dy 

The  solution  of  10*11  will  therefore  be 


*  •Jt/2  Y 

Wi  »  Ca+  Cl  J  e  iFi  (1  +  2,x  )dx 

4 


10*15 


and  the  value  of  Cj  must  be  determined  by  substitution  in  10*11*  If  this  is 
done,  it  is  found  that  Ca  *  ~  Ci*  If,  therefore,  Zq  (y»x)  defined  by 


X 

Zo(y»x)  “  ~  ^ J'  2,  x)  dx 


10*16 


the  solution  of  10*10  which  satisfies  the  boundary-  condition  w,  =  0  at  y  =  1 
is 


w,  «  - s-*- 

lua* (1 


5 _  .  r*  ZolY>x)  ^ 

.  -  t")  I  Zo(YVbai^/“)  J 


10*17 


The  average  velocity  is  given  by 


*•  X  ** 
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and  therefore 


btfl^ 

f  , _ 1  f  Zo(Y,x)  I 

'  (l-t)* )  ■  hai*  J  Zo(y»1>«1^)  j 


10*18 


An  Integration  by  parts  gives  the  alternative  form 


=  ^iR""  .  Zi(y>  bai^  ) 

ilia’  (i-b’)  Zo(y»  bai“*  ) 


in  which 


Zi  (y»x) 


■5^1 


I  iFtd  +^,  2,  x)dx 

o  4 


10.10 


When  b  ^  1,  l*e«,  when  the  axial  velocity  of  the  steady  stream  is  equal  to 

the  wave-velocity,  these  expressions  cannot  be  used.  Equation  10*10  reduces  to 


^ » i  iii » a, .  _  ii5! 

dy  y  dy  •/*  dy  ^  li 


10*20 


and  a  constant  value  of  w^  is  no  longer  a  Particular  Integral  of  this  equation. 


If,  however.  Instead  of  x  •  bal  y’  we  write  x  ■  - 


becomes 


(■  • )  •/. 


dwi  .  ^  AiR 

«-ar*' - sn 


„  .  dWi  dV 

Writing  X  this  becomes 


d  V  .  „  AiR’ 

- 2  +  V  » - 

dx’  2al  11 


y  in  10*20,  it 


10.21 


10.22 


With  the  initial  conditions  V“— -*0  at  x  =  0.  the  solution  of  which  is 

dx 


A.R 

V  = - sTT 

2al  H 


10.23 


and  therefore 


-  -AiR‘ 


it 


13 /a 

(1-cosx) 


r  (1-cosx) 
Vo  * 


10*24 


Integrating  this  to  give  the  average  velocity, 
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‘  «  I 


-  sin- 


10.25 


This  remarkably  simple  result  Is  not  likely  to  have  any  practical  application 
to  arterial  flow.  The  only  place  where  the  steady  stream  velocity  could  approach 
half  the  pulse-velocity  would  be  In  the  thoracic  aortas  where  inlet  conditions} and 
possible  turbulence}  might  well  nullify  the  entire  theory.  Moreover}  since  c  is 
always  complex}  the  condition  b  ■  i‘  can  never  exist}  except  as  an  -approximation 
when  the  damping  is  very  small. 

It  is  also  desirable  to  cheek  the  limiting  form  of  the  solution  of  10.12  for 
b  — >  0}  i.e.}  for  y  — >  *  .  When  y  Is  large}  10.12  reduces  to  the  Normal  Form 
of  Bessel's  Equation 


d  V  _  Yv_ 
dx®  4x 


10.26 


with  the  solution  x  J 
ent  variable} 


f  h  h\ 

1  I lY  *  J •  Rewri 

dw,  f 

Sy-  "  CxJi  ^ 


Rewriting  this  in  terms  of  y  as  an  independ- 


1  -  b® 


•  y) 


10.27 


which  reduces  to  the  solution  already  known  for  b  ®  o.  The  simplicity  of  10.27 

suggests  that  it  may  be  worth  while  to  examine  the  range  of  b  over  which  it 

Y 

would  be  a  reasonable  approximation}  i.e.}  for  what  values  of  y» 

maximum  value  of  x  is  bai^  and  therefore  this  inequality  may  be  replaced  by 


i.e.}  by 


'VC  To 


In  the  femoral  artery  McDonald's  results  give  »  15  cm/sec.  The  pulse- 
velocity  is  not  less  than  450  cm/sec.  so  that  for  these  conditions  Wq/c  is 
about  1/30.  Nearer  the  heart  it  is  to  be  expected  that  Wo  would  be  greater}  and 
the  pulse-velocity  lesS}  so  that  practical  conditions  seem}  at  best}  to  be  beyond 
the  range  of  usefulness  of  the  approximation.  This  is  unduly  pessimistic  ,  for  a 
closer  approximation  may  be  obtained  very  simply  by  applying  the  method  used  in 
Section  IX.  If  equation  10.10  is  written  in  the  form 


li.  *  1  2!^  +  M 

dy  ®  y  dy  U 


iR  2  2  J 

t - i^b'a*  f*  y* — ~  dy 

u  J 

VO 


10.28 


WADC  TR  66-614 


101 


10.29 


In  which  P  = 


a"'  (l-U®) , 


the  first  approximation 


Wi  * 


AiR 

■ 


{ 


Jo  (pi 

irm 


af  a 


y  ) 


1 


Is  obtained  at  once  by  dropping  the  second  term  on  the  right-hand  side.  The  first 
impression  Isy  therefore,  that  for  a  small  steady  stream  flowing  In  the  direction 
of  travel  of  the  pulse-wave,  the  amount  of  oscillatory  flow  Is  Increased,  and  is 
reduced  If  the  steady  stream  flows  In  the  opposite  direction. 

Since  b^  <  1,  the  accuracy  of  this  first  approximation  can  be  Improved  by 
substituting 


dwi  kjK^  ^  a/ 2  Ji  (Pl*^*^  y) 

^  '  IS?  j.Cem 


10.30 


on  the  right-hand  side  of  10.28.  If  we  write  Wa  for  the  correction  to  w, 
arising  from  this. 


dy  y  dy 


iuP 

b®  AiR’  f 


Jo  Ol"  '  )  I 


10.31 


It  Is  not  necessary  to  solve  this  equation  for  Wa,  since  by  9.10,  9^  can  be 

obtained  at  once. 


1-b' 


a,r“  1  f  f.  Jo(Syi‘'“J 


Jo (toi"' *) 


J„(pi"'’')f'  Jo(Pl*^) 


A  R 


2  .  JaCpi® 


1-b®  pi°'®  Jo(Pi*'^“) 

1 


AR^ 


l-b*  ui“p“ 


J 


8Ja(pyi®''')  Jo(Pyi®'  *) 


2y 


|jo(pi3/*yj« 


dy 


2ydy 


10.32 


10*33 


From  Watson:  "Theory  of  Bessel  Functions"  Chapter  V, 


J 


z®J2(z)Jo(2)d2  = 


J2(z)  JoC*)  +  Js<z)  Jl(2;) 


'} 
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and,  using  this  result,  10«33  becomes 

„  ^  b“  ^  AiR“  f  2  ^  daOl*'"*)  1J,(P1®'*)  1  Ji(pl®^*)  JsOl* 

"  l-b=  l*uP“  JoW^  3  Jo(Pl®^f  3  *  Jo(pi^“)  *  Jo(Pi* 


10*34 


Expressing  Jg  In  terms  of  Jg  and  Jj  by  means  of  the  recurrence  formula  the 
expression  within  the  bracket  becomes 


(f  *  ii 

/  ‘  2  1 

-liil 

llgl’/*  Jo 

Jo' 

Ipl®/*  3 

Jo/ 

3  J  0  J 

10*35 


and  thj^s  may  be  fXirther  reduced  to 


-  I- 


8  ^  2  ,  le 

FpTT  +  3  Mioe 


i.  .1 


10*36 


If  there  were  no  damping  of  the  pulse^wave  In  transmission,  c  would  be  real, 
and  the  effect  of  substituting  p  for  a  In  the  Bessel  Functions  could  be  cal¬ 
culated  from  the  available  tables*  Since  c  is  complex,  the  Bessel  Functions  are 
no  longer  functions  of  1®^®,  but  of  a  general  complex  argument.  When  ^^o/c  Is 
small.  It  Is  possible  to  derive  an  approximation  In  terms  of  known  functions  by 
using  the  well-known  formula 

•>.W  *  V‘X,  ^ 


10*37 


If  Cl  Is  the  measured  velocity,  then 

2Wo  2Wo 


r{-Tl 


and  If  Po  Is  written  for  .  »|l  - 


,  then 


2  2*0 

to  first  order,  and  if  we  write  X  =  1  +  1 - 

o  ^ 

n  =  0»  n  =  1,  in  turn,  we  find  that 


B  .  Ki.  — 

o  2*0  Y 

=  1  +  1 -  •  -  In  10*27  above,  writing 
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These  two  expressions,  10>S6  and  10*38,  can  now  he  brought  together  to  give 
the  average  velocity  correct  to  first  order  in  29^/^.  Since  10.36  is  Itself  a 
first-order  correction,  it  will  be  sufficiently  accurate  to  write  pg  P 

it.  Combining  10.36  and  10.38  the  corrected  average  velocity  is 


Table  8  is  a  table  of  SioOo)  0  <  Po  £  10  at  Intervals  of  0.05.  The 

first  four  columns  give  the  real  and  imaginary  parts,  and  the  modulus  and  phase, 
of  Sio(Po)>  1*1  that  order.  The  last  two  columns  are  the  real  and  imaginary  parts 
of 

3/2 

1  -  SJiOqI  )  10.41 

Mo  (60!®/ 2) 

l.e.,  the  quantities  and  of  Section  II. 

For  the  experimental  results  of  McDonald  which  have  been  previously  used  as 
an  example,  the  steady  component  of  the  average  velocity  is  15  cm/sec.  Only  part 
of  this,  however,  is  generated  by  the  steady  component  of  the  pressure  gradient. 

As  was  shown  above,  in  Section  IX,  1*7  cm/sec.  of  this  is  caused  by  interactions 
between  the  harmonic  terms,  leaving  13.3  cm/sec.  generated  by  the  pressure-gradi¬ 
ent. 

Taking  the  pulse  velocity  to  be  450  cm/sec.  this  gives  2ifo/Cj  *  0.06  , 

■1^®  '  0^  • 

From  a  succession  of  trial  values  of  Po>  therefore,  we  calculate  the  real 
and  imaginary  parts  of 
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-  FioOo)  +  0.06Sio  (Pio)j 

from  Table  for  each  of  the  four  harmonics.  Using  these  as  our  values  of  C 

B 

and  in  2.21»  and  find  the  value  of  Po  for  which  the  combined  oscillatory 

terms  will  give  equal  and  opposite  to  the  steady  velocity  at  the  observed  point 
of  flow  reversal,  which  in  this  experiment  was  125®.  The  best  fit  at  this  point 
was  given  by  Po  “  2.5,  corresponding  to  d  =  2.58.  The  coefficients  of  the 
Fourier  Series  for  w  are  given  in  Table  10  below. 


Harmonic 

Coeff.  of  cos  nt 

Coeff.  of  sin  nt 

1 

21.81 

20.74 

2 

-  25.97 

18.81 

3 

—9.73 

-  8.66 

4 

-  0.28 

-  3.18 

A  graph  of  this  is  shown  in  Fig.  34,  where  it  is  compared  with  McDonald's 
observed  values.  The  ordinates  in  Fig.  34are  in  flow  units,  obtained  by  multi¬ 
plying  the  coefficients  in  Table  g  by  the  cross-  sectional  area,  the  value  of  R 
taken  being  the  same  as  that  assumed  by  McDonald,  i.e.,  1.5  mm.  The  fit  to 

the  observations  is  not  Improved  much  by  using  the  itexact"  solution.  Except  for 
a  slight  Increase  in  diastolic  flow,  as  good  a  fit  can  be  obtained  by  using  the 
simple  theory  with  a  ®  2.7.  (Fig.  34). 


If  the  approximate  solution  for  w  given  in  10.40  were  to  be  substituted  in 
the  "frequency  equation"  3.31,  the  reduced  determinant  would  become 


1  ”  ^10  (3o) 

1 

-  1  i  V-ioOc) 


1  +  ox 

k  -  x  +  in5^ 


10.42 


in  which  1  -  i/'ioOo) 


F.oOo)  *  ^ 

-L  4*!i_ 
IT  ' 


10.43 


10.44 


this  term  representing  the  viscous  drag  due  to  the  steady  stream.  It  will  be 
noted  that  ^is  small  over  the  range  of  values  of  a  which  are  of  interest.  For 
example,  in  the  femoral  artery,  ot^7,  i-  »  and  w^/c.  ~  .03  so  that 

1/450.  Even  in  the  thoracic  aorta, ^assuming  -  1,  Wq/o  =  l/4,  fSt <  0.01, 

since  ~  100. 
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Applying  the  same  method  of  reduction  of  the  determinant  as  was  used  In 
Section  Ill,  It  reduces  to  the  quadratic  equation 

(l-cr®)  x“-  26*  X  +  h"  -  0 


In  which 


Qii  ,  1  ♦  t  -  q  -  1  ft  -  g) 

1  -  Vio 

H«  .  JLL“  . 

1  -  Vto 


Jfc.+  a 

2  A  Z 


For  g  =  l/2,  the  effect  of  the  term  In  0”  CLeavli^ 

aside  the  substitution  of  t^io(0o)  fg'  Fto(d))  which  Is  discussed  below)  will 
be  to  reduce  the  Imaginary  part  of  G",  and  therefore  to  reduce  the  damping  of 
the  wave  In  transmission.  If  the  steady  stream  Is  In  the  same  direction  as  the 
velocity  of  propagation.  If  It  Is  In  the  opposite  direction,  damping  will  be 
Increased.  In  the  limiting  condition  of  heavy  loading  and  stiff  cdnstralnt, 
(k-^  -  g>)  the  viscous  drag  of  the  steady  stream  will  have  no  effect,  as  might 
be  expected. 

The  effect  of  the  substitution  of  \|<io(3)  *‘0*’  Pio(o)  iJ®  studied  very 
simply  for  this  limiting  condition.  When  , 

X  *  — - - 


so  that 


(1  -  .•)  ^ 


1-Wio 


(1  -  g®)  (1  -  ^  ) 

1  ~  FioCPo)  “cT  ®io(Po) 


10.45 


and  from  this  —  and  may  be  calculated.  A  plot  of  foJ  g  = 


k  «  -  00,  nq. 


0.06  (  as  In  McDonald's  experiment)  Is  shown  In  Figure  35, 


with  the  corresponding  plot  for  g 


-  with  no  steady  component  for 


comparison.  It  will  be  seen  that  the  presence  of  the  steady  stream  raises  the 
wave-velocity, by  6-8^.  A  plot  of  e  x  ig  shown  In  Fig.  36.  It  will  be 
seen  that  the  damping  of  the  wave  In  transmission  Is  practically  unchanged  by 
the  presence  of  the  steady  stream.  It  appears  to  be  very  slightly  Increased. 
This  effect  Is  opposite  from  that  predicted  by  Morgan  and  Ferrante  (1955.)  hut 
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Q  (ML  PER  SECOND) 


In  view  of  the  widely  different  conditions,  is  not  in  conflict  with  their  conclu¬ 
sions  . 


For  larger  values  of  29o/c  this  very  simple  approximation  breaks  down,  and 
there  would  seem  to  be  no  alternative  to  a  full  scale  tabulation  of  the  required 
solutions  of  the  Confluent  Hypergeometrlc  Equation,  and  an  attack  on  the  problem 
in  full  generalltyf  Before  this  can  be  contemplated,  measurements  of  the  com¬ 
parative  magnitudes  of  the  steady  and  oscillatory  components  of  flow  in  the  major 
arteries  are  needed,  together  with  accurate  measurements  of  pulse-velocity  over 
short  distances,  to  delimit  the  ranges  of  the  parameters. 
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TABLE  8 


0.30 

0.55 

0.60 

0.^ 

0,70 


S,o  (^0)  Fon  K=  - 


IMAOINARY  MODULUS 


PHASE 


0.0000 

-0.0003 

-0.0012 

-0.0028 

-0.0030 

-0.0077 

-0.0111 

-0.0130 

-0.0193 

-0.02^3 

-0.0300 
9 


-0.(A89 


-O.O631 

-0.0703 

-0.0779 

-0.0033 

-0.0926 

-0.0996 

-0.106i^ 

•0.1127 

•O.llBL 

-0.1236 

-0.1280 

-0.1313 

-0.13te 

-0.1359 

-0.1366 

-0.1363 

-0.13i»9 

-0.1323 

-0.1290 

-0.12i»6 

-0.1193 

-0.1132 

-0.1063 

-0.0968 

-0.0^ 


0.0000 

0.0002 

0.0001 

0.0000 

0.0001 

0.0002 

0.0003 

0.0006 


0.0119 

0.0132 

0.0190 

0.0233 

0.0283 

0.03^ 

O.OI»OL 

O.OL7L 

0.03*»9 

0.0629 

O.O71M 


0.0697 

0.099a 

0.10^ 

0.1186 

0.1261 

0.1375 

O.Ui»63 

0.1551 

O.I632 

0.1706 

0.1773 


0.0000 

0.0004 

0.0012 

0.0028 

0.0050 

0.0077 

0.0111 

0.0130 

0.0193 

0.02^ 

0.(901 

0.0361 

0.0426 

0.0494 

0.03^ 

0.0642 

0.0721 

0.0602 

0.0683 

0.0968 

0.1033 

0.1136 

0.1222 

0.1303 

0.13^ 

0.14^ 

0.1342 

0.1614 

0.1683 

0.1747 

0.1806 

0.2861 

0.1909 

0.1933 

0.1990 


0.2047 

0.2067 

0.2062 

0.2091 


l-F,o 

(«) 

REAL 

IMASINARV 

0.0000 

0.0003 

0.0000 

0.0022 

0.0000 

0.0028 

0.0000 

0.0050 

0.0001 

0.0078 

0.0002 

0.0122 

0.0003 

0.0153 

0.0005 

0.0009 

0.0253 

0.0013 

0.0322 

0.0019 

0.0377 

0.0027 

0.0448 

-  9.3405 

-10.7150 

-12.2805 

-«.7358 

-25.3797 

-17.1101 

-18.9252 

-20.6222 


0.0037 

0.0050 

0.0063 

0.0064 

0.0107 

0.01^ 

0.0166 

0.0202 

0.0244 

0.0292 


-29.1706 

-31.4297 

-33.7487 

-36.1231 

-38.5476 

-41.0167 

-43.5247 

-46.0639 

-48.6341 

-31.2232 

-55.8272 

-56.4598 

-59.0551 

-61.6673 

-64.2706 


0.0474 

0.0549 

0.0630 

0.0728 

0.0624 

0.0917 

0.1027 

0.1143 

0.1266 

0.1395 

0.1329 

0.1668 

0.2822 

0.1959 

0.2109 


0.0325 

0.0606 

0.0697 

0.0791 

0.08^ 

0.0994 

0.1102 

0.1215 

0.1332 

0.2432 

0.1574 

0.1699 

0.1826 

0.1953 

0.2081 


0.2334 

0.2456 

0.25^ 

0.2^ 

0.2811 

0.2921 

0.3025 

0.5123 

0.3215 

0.3300 

0.3378 


0.2262  0.3449 
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TABLE  8.  CONTINUED 


Sio  ( ^o)  K  = 


REAL  IMAOINARY  MODULUS 


-0.062? 

-0.0736 

-0.06^7 

-0.0556 

-O.tf^ 

-0.0377 

-0.0289 

-0.0203 

-0.0121 

-O.OOLl 

0.0035 

0.0107 

0.0175 

0.0239 

0.0299 

0.0354 

0.0406 

0.0455 

0.0499 

0.0540 

0.0578 

0.0613 

0.0645 

0.0674 

0.0701 

0.0725 

0.0747 

0.0768 

0.0^ 

O.Q603 

O.O619 

0.0633 

0.0646 

0.0658 

0.0866 

0.0678 

0.0687 

0.0693 

0.0903 

0.0910 

0.0916 


0.1927 

0.1961 

0.1^7 

0.2005 

0.2015 

0.2017 

0.2013 


0.1965 

0.1963 

0.1936 

O.I9O6 

0.1672 

O.IS36 


0.2095 

0.2095 

0.2090 

0.2081 

0.2068 

0.2052 

0.2033 

0.2012 

0.1969 

0.1963 

0.1937 

0.1909 

0.1681 

O.I65I 


-66.8396 

-69.4293 

-71.9748 

-74.4917 

-76.9760 

-79-4241 

-81.8328 

-64.1992 

-86.5211 

-88.7964 


l-F,o 

(«) 

REAL 

IMAGIMARY 

0.2262 

0.2417 

0.2572 

0.2728 

0.2884 

0.3039 

0.3192 

0.3344 

0.3494 

0.3640 


0.3784 


0.1757 

0.1792 

78.5944 

0.1715 

0.1763 

76.6706 

0.1673 

0.1734 

74.7971 

0.1630 

0.1705 

72.9732 

0.1587 

0.1676 

71.1902 

0.1344 

0.1649 

69.4710 

0.1501 

0.1621 

67.7906 

0.1459 

0.1595 

66.1557 

0.1417 

0.1569 

64.5651 

0.1376 

0.1544 

63.0175 

0.1336 

0.1520 

61.5116 

0.1297 

0.1497 

60.0458 

0.1259 

0.1474 

58.61^ 

0.1221 

0.1453 

57.2293 

0.1165 

0.1432 

55.8758 

O.U5O 

0.1412 

54.5567 

0.1116 

0.1393 

53.2709 

0.1063 

0.1374 

52.0169 

0.1051 

0.1557 

50.7934 

1 

0.1340 

49.5991 

0.0990 

0.1325 

48.4328 

0.0961 

0.1308 

47.2935 

0.0933 

0.1293 

46.1794 

0.0906 

0.1279 

45.0900 

0.0879 

0.12^ 

44.0241 

0.0853 

0.1252 

42.9807 

0.4193 

0.4322 

0.4447 

0.4568 

0.4684 

0.4797 

0.4905 

0.5010 

0.5110 

0.5207 

0.5300 

0.5389 

0.5475 

0.5557 

0.5636 

0.5712 

0.5785 

0.5856 

0.5923 

0.^68 

0.6051 

0.6m 

O.6I69 

0.6225 

0.6279 


0.3449 

0.3513 

0.3569 

0.3616 

0.3660 

0.3695 

0.3723 

0.3745 

0.3761 

0.3770 

0.3774 

0.3773 

0.3768 

0.3758 

0.3744 

0.3726 

0.3706 

0.3^3 

0.3657 

0.36S9 

O.36QO 

0.3569 

0.3556 

0.3503 

0.3468 

0.3434 

0.3398 

0.5365 

0.3327 

0.3292 

0.3256 

0.3221 

0.3165 

0.3151 

0.3116 

0.3082 

0.3049 

0.3016 

0.2984 

0.2952 

0.2921 


TABLE  a  CONTINUED 


Sio  ' 

\^o)  For 

l-F,o 

(«) 

Yck 

REAL 

IMAGINARY 

MODULUS 

REAL 

Imaginary 

1^.00 

0.0916 

0.0859 

0.1252 

42.9607 

0.6490 

0.2921 

4.09 

0.0921 

0.06^ 

0.1299 

41.9587 

0.6477 

0.2B90 

4.10 

0.0927 

0.0604 

0.1227 

40.9575 

0.65^ 

0.2860 

4.15 

0.0991 

0.0781 

0.1215 

39.9757 

0.6566 

0.2891 

4.20 

0.0996 

0.0758 

0.1204 

39.0129 

0.6609 

0.2802 

4.25 

0.0940 

0.0756 

0.1194 

98.0689 

0.6651 

0.2774 

4.90 

0.0^9 

0.0714 

0.1189 

97.1412 

0.6691 

0.2747 

J.35 

0.(^ 

0.0699 

0.1175 

96.2508 

0.6790 

0.2720 

4.40 

0.(^9 

0.0679 

0.1154 

35.3365 

0.6769 

0.2699 

4.1^ 

0.0952 

O.O659 

0.1154 

34.4578 

0.6806 

0.2667 

4.50 

0.0954 

0.0694 

0.1145 

33.5941 

0.6842 

0.2642 

4.55 

0.0956 

0.0615 

0.1197 

92.7449 

0.6877 

0.2617 

4.60 

0.0958 

0.0596 

0.1128 

51.9097 

0.6911 

0.2595 

4.65 

0.0959 

0.0578 

0.1120 

91.0880 

0.6945 

0.2569 

4.70 

0.0960 

0.0561 

0.1112 

30.2796 

0.6978 

0.^46 

4.75 

0.0961 

0.0544 

0.1104 

0.7010 

0.2529 

4.80 

0.0962 

0.0527 

0.1097 

28.7006 

0.7041 

0.2501 

4.85 

0.'0510 

0.1090 

27.9296 

0.7072 

0.2479 

4.90 

0.0494 

0.1082 

27.1706 

0.7101 

0.24^ 

4.95 

0.0479 

0.1076 

26.4290 

0.7131 

0.2457 

5*00 

0.0969 

0.0469 

0.1069 

25.6867 

0.7159 

0.2416 

5.05 

0.0969 

0.0448 

0.1062 

24.9614 

0.7186 

0.2996 

5*10 

0.0969 

0.0494 

0.1056 

24.2471 

0.7215 

0.2576 

5.15 

0.0962 

0.0419 

0.1049 

25.5494 

0.7242 

0.2956 

5.20 

0.0^1 

0.0405 

0.1049 

22.8502 

0.7269 

0.2557 

5.25 

0.0960 

0.0991 

0.1057 

22.1679 

0.7294 

0.2918 

5.50 

0.0959 

0.09^ 

0.1091 

21.4946 

0.7920 

0.2900 

5.95 

0.0956 

0.0965 

0.1025 

20 .8918 

0.7945 

0.2282 

5.40 

0.0957 

0.0952 

0.1019 

20.1789 

0.7569 

0.2264 

5.45 

0.0955 

0.0559 

0.1014 

19.5358 

0.7994 

0.2246 

5.50 

0.0954 

0.0927 

0.1008 

18.9022 

0.7417 

0.2229 

5.55 

0.0952 

0.0914 

0.1002 

18.2780 

0.7441 

0.2212 

5.80 

0.0950 

0.0902 

0.0997 

17.6652 

0.7465 

0.2195 

5.65 

0.0948 

0.0291 

0.0991 

17.0576 

0.7486 

0.2179 

5.70 

0.(^ 

0.0279 

0.0986 

16.4612 

0.7508 

0.2169 

5.75 

0.0949 

0.0268 

0.0981 

15.8757 

0.7530 

0.2147 

5.80 

0.0941 

0.0257 

0.0976 

15.2951 

0.7551 

0.2191 

5.85 

0.0999 

0.0247 

0.0971 

14.7253 

0.7572 

0.2115 

5.90 

0.0996 

0.0296 

0.0^ 

14.1642 

0.7593 

0.2100 

5.95 

0.0994 

0.0226 

0.0^ 

19.6116 

0.7615 

0.2085 

6.00 

0.0991 

0.0216 

0.0956 

15.0675 

0.2070 
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TABLE  a  CONTINUED 


Sio  ( ^o)  Fon  K  *  —  oo 


REAL  IMAWNAIIY 


0.0931 

0.0988 

0.0923 


0.0919 

0.0916 

0.0913 

0.0910 

0.0907 

0.0903 

0.0900 

0.0^ 

O.O693 

0.0890 

0.0686 

0.0683 

0.0679 

0.0676 

0.0672 

0.0869 

0.0663 

0.0661 

0.0838 

0.063i» 

O.Q63I 

0.08^7 

0.081^3 


0.081s 

0.0613 

0.0611 

O.O6O7 

0.0604 

0.0600 

0.0797 

0.0793 


186 
120 
112 
105 
0.0097 

0.0090 

0.0063 

0.0077 

0.0070 

0.0064 

0.0037 

0.0031 

0.0043 

0.0039 

0.0034 


0.0017 

0.0012 

0.0007 

0.0002 

-0.0003 

-0.0006 

•0.0013 

-0.0017 


-0.0026 

-0.0030 

-0k0034 

-0.0038 


0.0936 

0.0931 

0.0946 

0.(^1 

0.0936 

0.0932 

0.0927 


0.091s 

0.0913 

0.0909 

0.0^ 

0.0900 

0.0696 

0.0892 

0.0687 

0.0683 

0.0679 

0.0873 

0.0671 

0.0667 

0.0663 

0.0639 

0.0^ 

0.0631 

0.0647 

0.0644 

0.0640 

0.0636 

0.0833 


13.0673 

12.3318 

12.0043 

11.4649 

10.9733 

10.4701 

9.97^5 

9.4866 

9.0062 

8.3333 


3.7912 

3.3989 

3.0125 

2.6319 

2,2371 

1.8879 

1.3241 

1.1638 

0.8128 

0.4649 


0.0613 

O.0BII 

0.0808 

0.0803 

0.0601 

0.0796 


0.2136 

0.3486 

0.8767 

1.2002 

1.5191 

1.8336 

2.IA36 

2.4494 

2.7509 


REAL 


0.7691 

0.7710 

0.7728 

0.7746 

0.7764 

0.7782 

0.7799 

0.7816 

0.7833 

0.7849 

0.7866 

0.7882 

0.7897 

0.7913 

0.7928 

0.7943 

0.7958 

0,7973 

0.7^ 

0.8002 

0.6016 

0.8030 

0.8044 

0.8037 

0.6070 

0.8083 

0.8096 

0.8109 

0.8122 

0.8134 

0.6147 

0.8139 


0.2070 

0.20^ 

0.2041 

0.2027 

0.2013 

0.1999 

0,1963 

0.1972 

0.1959 

0.1945 

0.1932 

0.1920 

0.1907 

0.1694 

0.1882 

O.IS70 

0.1838 

0.1S46 

0.1834 

0.1823 

O.lSll 

O.I80O 

0.1789 

0.1778 

0.1767 


0.1756 

0.1745 

0.1735 

0.1724 

0.1714 


-0.0042  0.0795  -  3.0483 


0.1704 

0.1^ 

0.1684 

0.1674 

0.1664 

0.1655 

0.1643 

0.1636 

0.1627 

0.1617 

0.1608 
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TABLE  a  CONTINUED 


Sio 

(^0)  For  K  =  —  00 

1 

0 

(«) 

REAL 

IMAOINARV 

MODULUS 

PHASE 

0ESREE8 

REAL 

IMAOINARV 

6.00 

0.0793 

-o.oote 

0.0799 

>  3.OI183 

0.8228 

0.1606 

8.09 

0.07^ 

-O.OOil6 

0.0791 

-  3.3417 

0.8239 

0.1^ 

B.IO 

0.0^ 

-0.0090 

0.0788 

-  3.6311 

0.82^ 

0.1^ 

0.16 

0.0^3 

-0.0(^ 

0.0789 

-  3.9166 

0.8261 

0.1982 

8.20 

0.0760 

-0.0097 

0.0782 

-  4.1984 

0.8272 

0.1^3 

8.2? 

0.0776 

-0.0061 

0.0779 

-  4.4764 

0.8282 

0.1964 

8.?0 

-0.0064 

0.0776 

-  4.7507 

0.8292 

0.1^ 

8.35 

0.0770 

-0.0068 

0.0772 

-  5.0215 

0.8303 

0.1^7 

8.W 

0.07^ 

-0.0071 

0.0769 

-  9.2888 

0.8313 

0.1939 

8.4? 

0.0763 

-0.0074 

0.0766 

-  5.5526 

0.8323 

0.1931 

8.50 

0.0760 

-0.0077 

0.0763 

-  5.6131 

0.8333 

0.1923 

8.39 

0.0^ 

-0.0080 

0.0760 

-  6.0703 

0.8343 

0.1919 

8.60 

0.0793 

-O.OO63 

0.0798 

-  6.3^ 

0.8392 

0.1^ 

8.^ 

0.07^ 

-0.0086 

0.0799 

-  6.9749 

0.8^ 

0.1499 

8.70 

0.0746 

-O.OO69 

0.0792 

-  6.8226 

0.8371 

0.1491 

8.75 

0.07^3 

-0.0Q92 

0.0749 

-  7.0671 

0.8381 

0.1483 

o*60 

0.07IIO 

-0.0099 

0.0746 

-  7.9OB7 

0.8390 

0.1479 

8.85 

0.0737 

-0.0096 

0.0743 

-  7.5475 

0.6399 

0.0468 

8.90 

0.07^ 

-0.0100 

0.0740 

-  7.7830 

0.8406 

0.1460 

8.99 

0.07^ 

-0.0103 

0.0736 

-  8.0199 

0.8417 

0.1495 

9.00 

0.0727 

-0.0109 

0.07:0 

-  8.2460 

0.8426 

0.1446 

9.09 

0.0^ 

-0.0108 

0.0732 

-  8.4733 

0.8439 

0.1438 

9.10 

0.0721 

-0.0110 

0.0730 

-  8.6^ 

0.8443 

0.04^ 

9.19 

0.0718 

-0.0U3 

0.0727 

-  8.9200 

0.8492 

0.1424 

9.20 

0.0719 

-O.OU9 

0.0724 

-  9.1394 

0.6460 

0.1417 

9.29 

0.0712 

-0.0U7 

0.0722 

-  9.3562 

0.8469 

0.1410 

9.90 

0.0709 

-0.0120 

0.0719 

-  9.5706 

0.8477 

0.1403 

0.0706 

-0.0122 

0.0716 

-  9.7825 

0.84^ 

0.1396 

9.W 

0.0703 

-0.0124 

0.0714 

-  9.9919 

0.8493 

0.1^9 

9.*>9 

o.ojoo 

-0.0126 

0.0711 

-10.1990 

0.8901 

0.1^ 

9.90 

0.0697 

-0.0128 

0.0709 

-10.4037 

0.8909 

0.1376 

9.55 

0.0^ 

-0.0130 

0.0706 

-10.6061 

0.8917 

0.13^ 

9.60 

0.0691 

-0.0132 

0.0704 

-10.8063 

0.8929 

0.1363 

9.69 

0.0688 

-0.0134 

0.0701 

-11.0042 

0.8932 

0.106 

9.70 

0.0686 

-0.0136 

0.0^ 

-11.1999 

0.8940 

0.1390 

9.75 

0.0683 

-0.0138 

0.0696 

-11.3935 

0.8947 

0.1343 

9.80 

0.0680 

-0.0139 

0.0^ 

-11.9849 

0.^95 

0.1537 

9.85 

0.0677 

-0.0141 

0.0^ 

-n.trte 

0.8962 

0.1331 

9.90 

0.0674 

-0.0143 

0.0689 

-11.9619 

0.8969 

0.1^ 

9.95 

0.0671 

-0.0149 

O.O687 

-12.1468 

0.8977 

0.1319 

10.00 

0.0669 

-0.0146 

0.0684 

-12.3301 

0.8984 

0.1312 
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SECTION  XI 


SUIAIARY  AND  CONCLUSIONS. 


This  exploration  of  the  consequences  of  taking  an  elastic  tube  as  a  rough 
working  model  of  an  artery  leads  to  two  broad  general  conclusions.  The  rate  of 
•flow  generated  by  a  known  oscillatory  pressure  gradient  does  not  vary  greatly 
over  a  wide  range  of  conditions  of  added  mass  and  longitudinal  constraint,  and  the 
phase>difference  between  cyclic  variations  in  pressure  and  diameter  is  also  in¬ 
sensitive  to  wide  variations  in  these  conditions.  For  accurate  deductions  to  be 
made  about  the  conditions  of  support,  measurements  are  needed  of  a  higher  degree 
of  accuracy  than  any  at  present  available.  Until  such  measurements  can  be  made, 
nothing  is  lost  by  assuming  conditions  of  heavy  loading  and  stiff  constraint.  For 
this  model  all  the  relationships  between  observable  quantities  take  their  simplest 
form.  The  relationship  between  pressure  gradient  and  flow  is  the  same  as  for  a 
rigid  tube  (disregarding  the  non-linear  corrections)  and  the  cyclic  variations  in 
pressure  and* diameter  are  always  in  phase  with  each  other,  being  connected  by  the 


simple  constant 


pc* 
A'O  o 


The  experimental  results  of  McDonald  (1955)  on  the  re¬ 


lationship  between  pressure  gradient  and  flow,  and  the  measurements  made  by 
Lawton  (1956)  of  pressure  and  diameter  variations,  are  in  accord  with  this  simple 
theory,  though  the  claim  that  they  confirm  it,  in  the  full  sense  of  the  word,  is 
less  than  Justified.  It  is  better,  rather,  to  say  that  until  experimental  evidence 
is  forthcoming  which  compels  the  use  of  a  more  elaborate  theory,  this  is  fully 
adequate  in  relation  to  the  evidence  available.  These  two  relationships  (between 
pressure  gradient  and  flow,  and  between  pressure  and  diameter)  have  the  advantage 
that  their  form  is  Independent  of  the  amplitude  of  any  reflected  wave  that  may  be 
present.  The  multiplying  constant  in  the  relationship  between  pressure  and  flow 
is  changed  considerably  by  the  presence  of  a  reflected  wave,  and  is  therefore  not 


suitable  for  a  direct  test  of  the  theory. 


Another  ioiportant  advantage  of  the  method  used  by  McDonald  is  the  fact  that 
the  average  velocity  was  measured.  '  It  was  shown  in  Section  VIII  that  the  effect  of 
the  correction  for  finite  expansion  on  the  average  velocity  is  small,  and  therefore 
a  comparison  with  the  linear  theory  is  adequate.  If,  however  a  true  measurement 
of  mass-flow  had  been  made,  the  measurements  would  have  Included  the  factor 


1  + 


R* 


and  the  comparison  of  the  observations  with  the  theory  made  more  difficult. 
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When  measurements  of  the  true  volume  flow  are  made  In  the  undlsturhed  artery, 

the  calculation  of  the  average  velocity  Is  possible.  If  a  recording  of  pressure  is 

taken  at  the  same  time.  The  quantity  —  can  be  calculated  from 

R 


M  =  5  _E_ 
R  ~  4  p^cl 


and  the  rate  of  flow  divided  by 
velocity. 


2c  2 
(1  +  ~  )  .wR 
R 


to  give  an  estimate  of  the  average 


It  would  seem  from  present  knowledge  that  further  refinement  of  the  theory  by 
elaboration  of  properties  of  the  arterial  wall,  however  desirable.  Is  not  mandatory 
at  the  present  time.  The  next  step  would  seem  to  be  the  Improvement  of  the  per¬ 
turbation  theory  by  using  as  the  first  approximation  In  it  the  "exact"  solution  In 
the  presence  of  the  steady  stream,  and  the  preparation  of  full  tables  for  the  cal¬ 
culation  of  those  perturbation  corrections  that  prove  to  be  Important.  When  this 
has  been  done.  It  will  be  necessary  to  examine  how  far  these  non-llnearltles  affect 
the  reflection  calculations.  The  author  also  proposes  to  have  computed  some  solu¬ 
tions  of  the  Confluent  Hypergeometrlc  Equation  as  a  check  on  the  accuracy  of  the 

approximate  solution.  Two  other  modifications  of  the  theory  also  need  to  be 

studied,  the  question  of  the  anomalous  viscosity  of  blood,  and  the  effect  of  small 
branches  on  the  flow,  by  making  the  artery.  In  effect,  a  porous  tube. 

The  question  may  be  asked,  how  far  Is  the  theory  applicable  to  the  flow  of 

blood  In  veins?  The  answer  probably  Is,  so  far  as  the  motion  of  the  blood  in  the 
large  veins  is  oscillatory.  The  motion  of  the  blood  In  the  veins  Is  not  derived 
directly  from  a  periodic  Injection  of  blood  propagating  a  pressure  wave.  The  veins 
are  a  drainage  system,  and  some  of  the  larger  peripheral  veins  have  non-return 
valves  built  Into  them.  This  results  In  these  veins  themselves  acting  as  pumps, 
driven  by  muscular  movements  which  do  not  have  the  clockwork  regularity  of  the 

heart  action.  Nearer  the  heart  the  oscillatory  motion  of  the  blood  is  compounded 
of  two  basic  effects,  changes  in  intra-thoraclc  pressure  during  the  respiratory 
cycle,  and  the  movements  of  the  heart.  Furthermore,  the  veins  are  very  expansible, 
and  the  first-order  correction  given  here  may  not  be  adequate.  This  suggests  that 
the  problem  of  flow  in  veins  may  be  worthy  of  a  separate  theoretical  study,  but 
the  present  theory  might  well  be  tested  out  to  see  how  far  It  is  applicable. 


Finally,  it  may  be  added  that  parts  of  this  theory  might  well  apply  to  hydrau¬ 
lic  servomechanisms  and  other  devices  In  which  pipes  filled  with  liquid  are  used  as 
transmission  links.  As  has  been  said  In  Section  II,  some  work  has  been  done  in 
this  direction,  but  the  application  to  servomechanisms  h^  scarcely  begun. 
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AFPEHDIX 


and 
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dJ 

The  first  derivative, - - ■  Bar’  a  ♦  i  Bei'  a  and  the 

second  derivative - — g - -  Ber"  a  ♦  i  Bei"  a  were  computed  from 

da 


n«Bl8 

a  (-1)*^ 

n-C) 


2n(a/2)^"^ 

(^)I^ 


ne«19  )  o 

Bai.  a  -  y  (-1)”-^  (jsa)(aZ^^ 
^  (2n-l)r 


Ber-a-y  (-1)° 

^  (2n)r 


n-19 


Khn-3na/ 

2(2n-l)»^ 


The  number  of  terms  used  vas  sufficient  to  give  ten  significant 
figures  of  accuracy  for  values  of  "a"  up  to  20  although  "a"  has  a  maximum 
value  of  10  in  the  functions  reported  here.  This  was  done  in  order  that 
the  same  program  might  be  used  at  a  later  date  as  a  sub-routine  in  ccmput- 

“i/o 

ing  the  non-linear  corrections  which  require  values  of  d^Cxi^'  )  up  to 
X  e  20, 

It  may  be  of  general  interest  to  note  that  these  series  were 

computed  on  the  Mark  IV  Calculator  at  a  fixed  decimal  point  although  it 

appeared  at  first  that  floating  decimal  routines  would  be  necessary  since 

1  1 

the  series  contain  numbers  such  as  - 5,  - 5,  etc, 

{36if  ohir 

A-3 
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The  method  used  can  be  applied  quite  generally  to  any  series 
which  contains  many  terns  and  high  order  factorials,  and  the  fact  that 
it  utilizes  fixed  decimal  point  operation  means  a  saving  of  many  hours 
of  machine  time  and  coding  time* 

To  illustrate,  take  the  series 


The  usual  method  of  setting  this  up  for  computation  would  be 


Clearly,  floating  decimals  are  necessary  for  this  evaluation  on 
account  of  the  terms  — ^^—5,  — ^—15,  ©tc* 

To  get  aro\md  this  difficulty,  factor  the  tena  — ^  from  the 

(3U1)^ 

first  expression  in  brackets  and  then  factor  the  term  — from  the 

i32ir 

second  expression  in  brackets,  and  so  on  until  all  the  constants  have 
been  reduced  to  The  resulting  expression  will  be 


Here  is  an  e3q)ression  which  will  oscillate  between  -1  and  +1 
as  the  summation  proceeds  for  values  of  from  0  to  10^.  This  is, 
therefore,  a  powerful  method  of  evaluating  a  series  at  a  fixed  decimal 
point* 

The  accuracy  of  the  method,  however,  is  limited  by  the  operat¬ 
ing  decimal  point*  This  problem  was  operated  at  decimal  point  U/lO  and 
it  was  found  for  example  that  Ber  20*  which  is  of  the  order  of  ^7,^89*370, 
was  accurate  to  eight  significant  figures  or  only  three  decimal  places* 

In  general  it  can  be  said  that  the  number  of  accurate  significant  figures 
in  the  results  can  never  be  more  than  the  number  of  decimals  carried  minus 
the  roxxnd  off  error*  The  reason  for  this,  of  course,  is  the  very  fact  that 
the  successive  values  of  the  summation  oscillate  very  close  to  unity  up  to 
the  last  two  or  three  closing  terms* 

The  entire  evaluation  was  checked  by  the  following  identities: 

Ber**  a  ♦  “  Ber*  a  ♦  Bei  a  »  0 
a 

Bei"  a  +  —  Bei’  a  -  Ber  a  »  0. 
a 

The  values  of  J^(ai^^^)  *  a  ♦  i  Bei^  a  were  then  obtained 
from  the  recurrence  relations 

Ber.  a  «  (Ber’  a  -  Bei'  a) 

^  iz 

Bei^  a  »  (Ber*  a  +  Bei"*  a)* 
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and 


a— ^0 

„2  k 

«  -  1  +  neglecting 


For  all  other  values  of  k  (i*e»^  0,1,  0,2,  0,3,  0,U,  -1,0,  -2,0, 
-5,0,  -10.0)  this  limit  remains  the  same.  The  only  values  tjhich  change  are 
the  neglected  terns  and  therefore  do  not  affect  the  limit. 

By  a  similar  procedxire  for  a  ■  0,25 


and  for  or  «  0,50 


^  ~  ^  m.. -  i '  urj(  'jii/ii, X  ~  ^  I*  ‘  J 

S  'rr/C-C.  'i^  jljjc 

i  ^ 

A-9 
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1 .3180 
1.2183 
1.2186 
1.2190 
1.2194 

1.2199 

1.2204 

1.2210 

1.2216 

1.2223 

1.2231 

1.2240 

1.2249 

1.2269 

1.2270  I 

1.2282 
1.2294 
1.2307 
1.2331 
1 .2336 

1.2351 

1.2867 

1.2383 

1.3400 

1.2417 

1.2486 
1 .2463 
1.2471 
1.2490 
1.2608 

1.2526 

1.2644 

1.2661 

1.2578 

1.2695 

1.2610 

1.2626 

1.2640 

1.2653 

1.2666 

1.2677 

1.2688 

1.2697 

1.2706 

1.2713 

1.2719 

1.2725 

1.2729 

1.2732 

1.2734 

1.2735 

1.2735 
1.2734 
1.2732 
1.2729 

1.2725 

1.2721 

1.2715 

1.2709 

1.2702 


.9.9828 

-9.0624 

-8.2559 

-7.5521 

-6.9343 

-6.3891 

-5.9055 

-5.4745 

-5.0888 

-4.7422 

-4.4296 

-4.1467 

-3.8898 

-3.6559 

-3.4424 

-3.2468 

-3.0673 

-2.9022 

-2.7499 

-2.6093 

-2.4781 

-2.3584 

-2.2463 

-2.1420 

-2.0448 

-1.9542 

-1.8696 

-1.7904 

-1.7163 

-1.6469 

-1.5617 

-1.5205 

-1.4630 

-1.4089 

-1.3580 

-1.3100 
-1 .2647 
-1.2220 
-1.1817 
-1.1435 

-1.1075 

-1.0733 

-1,0410 

-1.0103 

-0.9812 

-0.9536 

-0.9273 

-0.9024 

-0.8786 

-0.8500 

-0.8344 

-0.6139 

-0.7943 

-0.7755 

-0.7576 

-0.7405 

-0.7241 

-0.7084 

-0.6933 

-0.6789 


0.4210 

0.4893 

0.4573 

0.4749 

0.4921 

0.5088 

0.5252 

0.5411 

0.5566 

0.6717 


0.7495 

0.7568 

0.7637 

0.7702 

0.7763 

0.7820 

0.7874 

0.7925 

0.7973 

0.8017 

0.8059 

0.8098 

0.8135 

0.8170 

0.8202 

0.8232 

0.8261 

0.8288 

0.8313 

0.8387 

0.8360 

0.8382 

0.8402 

0.8421 

0.6440 

0.8458 

0.8475 

0.8491 

0.8506 

0.8522 

0.8536 

0.8550 

0.8564 

0.8577 

0.8590 


6.5638 

5.4950 

5.4238 

5.3503 

6.2747 

5.1970 

5.1175 

5.0362 

4.9533 

4.8690 

4.7834 

4.6966 

4.6088 

4.5201 

4.4308 

4.3409 

4.2507 

4.1603 

4.0699 

3.9795 

8.8895 

3.7999 

3.7109 

3.6227 

3.5854 

3.4492 

8.3643 

3.2806 

3.1984 

3.1179 

3.0390 

2.9619 

2.8867 

2.8134 

2.7421 

2.6729 

2.6057 

2.5408 

2.4777 

2.4167 

2.3579 

2.3011 

2.2463 

2.1935 

2.1427 

2.0937 
2.0486 
2.0012 
1 .9575 
1.9155 

1.8752 

1.8363 

1.7989 

1.7630 

1.7284 

1.6951 

1.6630 

1.6321 

1.6024 

1.5737 


0.0130 

0.0143 

0.0156 

0.0171 

0.0187 

0.0205 

0.0224 

0.0245 

0.0267 

0.0291 

0.0318 
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1.25 

1.1042 

-5.0966 

0.5626 

5.0676 

0.0063 

1.0125 

0.0203 

EWi  '-fl 

1.15 

1.30 

1.1051 

-4.7086 

0.5802 

4.9792 

0.0069 

1.0144 

0.0212 

IRi  1  :  rl 

1.20 

1 

1.1061 

-4.3626 

0.5973 

4.8890 

0.0075 

1.0165 

0.0220 

In* '  •  1 

1.24 

1.40 

1.1072 

-4.0529 

0.6138 

4.7969 

0.0083 

1.0168 

0.0227 

1.0190 

1.27 

1 .45 

1.1084 

-3.7744 

0.6298 

4.7034 

0.0091 

1.0212 

0.0232 

1.0214 

1.30 

1.50 

1.1007 

-3.5231 

0.6453 

4.6084 

0.0100 

1.0237 

0.0234 

1.0240 

1.31 

1.55 

1.1112 

-3.2956 

0.6602 

4.5122 

El'Lia 

1.0264 

0.0235 

1.0267 

1.31 

1.60 

1.1127 

-3.0889 

0.6745 

4.4150 

1.0292 

0.0233 

1.0295 

1.30 

1.65 

1.1144 

-2.9006 

0.6883 

4.3169 

E'i'ia 

1.0321 

0.0228 

1.27 

1.70 

1.1163 

-2.7285 

0.7015 

4.2181 

0.0147 

1.0350 

0.0221 

1 .0352 

1.22 

1.75 

1.1183 

-2.5709 

4.1188 

0.0163 

1.0379 

0.0210 

1.0381 

1.16 

1.80 

1.1204 

-2.4261 

0.7262 

4.0192 

0.0180 

1.0409 

0.0196 

1.0410 

1.08 

1  •  85 

1.1227 

-2.2929 

0.7377 

3.9195 

0.0199 

1.0437 

0.0179 

1.0439 

0,08 

1.90 

1.1250 

-2.1700 

0.7466 

3.8199 

0.0219 

1.0465 

0.0158 

1.0466 

0.87 

1.95 

1.1276 

-2.0564 

0.7589 

3.7206 

0.0242 

1 .0492 

0.0134 

1.0493 

0.73 

2.00 

1.1302 

-1.9513 

0.7686 

3.6218 

0.0267 

1.0516 

0.0106 

1.0517 

0.59 

2  •  Ub 

1.1330 

-1.8538 

0.7778 

3.5237 

0.0295 

1.0539 

0.0078 

0.42 

2.10. 

1.1358 

-1.7633 

0.7865 

3.4266 

0.0325 

1.0559 

0.0045 

1.0559 

0.25 

2  *15 

1.1388 

-1.6791 

0.7946 

3.3306 

0.0358 

1.0576 

■•KiTiITh 

1.0576 

0.06 

2.20 

i.i4id 

-1.6007 

0.8022 

3.2361 

0.0393 

1.0590 

-0.0026 

1.0590 

359.86 

2.25 

1.1449 

-1 .5277 

0.8093 

3.1430 

0.0432 

1.0600 

1.0600 

359.65 

2.30 

1.1480 

*'1  «4595 

0.8156 

3.0518 

0.0473 

1.0607 

Kill^Uirl 

359.44 

2  «35 

1 « 1512 

-1.3958 

0.8219 

2.9624 

0.0517 

1.0610 

-0.0144 

1.0611 

359.22 

1.1543 

-1.3362 

0.8276 

2.6752 

0.0564 

1.0610 

-0.0184 

1.06i2 

359.01 

2  *4b 

1.1575 

-1.2805 

0.8328 

2.7902 

0.0814 

1.0606 

-0.0224 

1.0609 

358:79 

2.50 

1.1606 

-1.2283 

0.8376 

2.7075 

0.0667 

1.0590 

-0.0283 

1.0602 

358.58 

2.55 

1.1637 

-1.1794 

0.8421 

2.6273 

0.0723 

1.0589 

-0.0301 

1.0593 

358:37 

2.60 

1.1667 

-1.1335 

0.8462 

2.5497 

0.0781 

1.0575 

-0.0338 

1.0581 

358.17 

2«6b 

1.1696 

-1.0904 

0.8499 

2.4746 

0.0842 

1.0559 

-0.0373 

1 .0566 

357.98 

2.70 

1.1724 

-1.0499 

0.8534 

2.4022 

0.0905 

1.0541 

1.0549 

357.79 

2.75 

-1.0119 

0.8566 

2.3324 

0.0971 

1.0521 

-0.0437 

1.0530 

357.62 

2.80 

ESliI 

-0.9761 

0.8595 

2.2653 

0.1038 

1.0490 

-0.0466 

1 .0509 

357.46 

2  adb 

-0.9423 

0.8622 

2.2007 

0.1107 

1 .0476 

-0.0493 

1.0487 

357.31 

2.90 

1.18Z5 

-0.9105 

0.8647 

2.1388 

0.1178 

1.0451 

-0.0518 

1.0464 

357.16 

2*95 

1 • 1347 

-0.8805 

0.8670 

2.0794 

0.1250 

1.0426 

-0.0540 

1.0440 

357.03 

3<0P 

1.1867 

-0.8522 

0.8691 

2.0224 

0.1323 

1.0400 

-0.0560 

1.0415 

356.92 

3  a  05 

1 • 1885 

-0.6255 

0.B711 

1.9678 

0.1398 

1.0374 

-0.0579 

1.0390 

356.81 

1.1903 

-0.8002 

0.8729 

1.9156 

0.1473 

1.0347 

-0.0595 

1.0364 

356.71 

3.15 

1  •  1919 

-0.7782 

0.8746 

1.8656 

0.1548 

1.0321 

-0.0609 

1.0339 

356.62 

3  •20 

1  •  1934 

*Oa7588 

0.8763 

1.8177 

0.1624 

1.0295 

-0.0622 

1.0313 

356:54 

3.25 

1.1947 

-0.7321 

0.8778 

1.7719 

0.1700 

1.0269 

-0.0633 

1 .0288 

356.47 

3.30 

1.1959 

-0,7117 

0.8792 

1.7281 

0.1776 

1.0243 

-0.0643 

1.0263 

356.41 

3  *35 

1.1969 

-0.6923 

0.8805 

1.6862 

0.1852 

1.0218 

-0.0651 

1.0239 

356.35 

1.1978 

>0.6739 

0.8818 

1.6461 

0.1928 

1.0193 

-0.0658 

1.0214 

356.31 

1 •XdBO 

-0.6564 

0.8830 

1.6077 

0.2003 

1.0160 

-0.0664 

1.0191 

356.26 

3.50 

1.1993 

-0.6397 

0.8641 

1.5709 

0.2079 

1.0146 

-0.0660 

SS8.93 

3  •55 

1  •  1993 

-0.6238 

0.8853 

1 .5357 

0.2153 

1.0123 

-0.0673 

1.0145 

KtriVtlSI 

3  >00 

1  *2002 

-0.6086 

0.8863 

1.5020 

0.2227 

1.0100 

-0.0676 

1.0123 

356:i7 

3 

1  •2006 

-0.5942 

0.8873 

1.4697 

0.2300 

1.0079 

-0.0678 

1.0102 

3S6:i5 

3p70 

1  •2003 

-0.5804 

0.8883 

1.4387 

0.2372 

1.0058 

-0.0680 

1.0081 

356:i3 

3.75 

1.2009 

-0.5671 

0.8893 

1.4090 

0.2444 

1.0037 

-0.0681 

1.0061 

356.12 

^r9o 

1.2010 

-0.5545 

0.8902 

1.3805 

0.2«14 

1.0018 

-0.0681 

1.0041 

356.11 

1.2009 

-0.5424 

0.8911 

1.3S32 

0.2584 

0.9999 

-0.0681 

1,0022 

asfi.in 

3*90 

1.2008 

-0.5308 

0.8920 

1.3269 

0.2653 

0.9980 

-0.0681 

1.0003 

3  aOb 

1.2005 

-0.5197 

0.8929 

1.3016 

0.2721 

0.9962 

-0.0680 

0.9985 

356.09 

WAOC  TR  56->614 


A-16 


a 

l+V 

l*VFio 

REAL  , 

IMAG. 

hK>IXJLUS 

PHASE 

toesuccsi 

REAL 

IMAG. 

MODULUS 

PHASE 

toesHcesi 

-0.0054 

-0.0145 

0.0155 

249.64 

0.0132 

0.1080 

0.1088 

83.03 

Iks 

-0.0065 

-0.0157 

0.0170 

247.57 

0.0180 

0.1187 

0.1198 

82.32 

Iko 

-0.0078 

-0.0169 

0.0186 

245.39 

0.0192 

0.1299 

0.1313 

81.57 

1.15 

-0.0092 

-0.0181 

0.0203 

243.12 

0.0229 

0.1414 

0.1433 

60.79 

1.20 

-0.0108 

-0.0192 

0.0220 

240.76 

0.0271 

0.1533 

0.1557 

79.97 

1.25 

-0.0125 

-0.0203 

0.0238 

238.30 

0.0318 

0.1656 

0.1686 

79.12 

IKLI 

-0.0144 

-0.0212 

0.0256 

235.75 

0.0371 

0.1781 

0.1819 

78.24 

1.35 

-0.0165 

-0.0220 

0.0275 

233.10 

0.0429 

0.1909 

0.1957 

77.33 

1.:; 

-0.0188 

-0.0227 

0.0204 

230.37 

0.0494 

0.2039 

0.2098 

76.38 

1.45 

-0.0212 

-0.0232 

0.0314 

227.55 

0.0566 

0.2171 

0.2243 

75.40 

-0.0237 

-0.0234 

0.0334 

224.65 

0.0644 

0.2304 

0.2392 

■I  1 

-0.0264 

-0.0235 

0.0353 

221 .66 

0;0729 

0.2437 

0.2544 

E  ^  J 

il:3 

-0.0292 

-0.0233 

0.0374 

218.59 

0.0822 

0.2570 

0.2698 

if  J 

-0.0321 

-0.0228 

0.0394 

215.45 

0.0922 

0.2702 

0.2855 

71.16 

1.70 

-0.0350 

-0.0221 

0.0414 

212.24 

0.1029 

0.2833 

0.3014 

70.03 

1.75 

-0.0379 

-0.0210 

0.0434 

208.97 

0.1144 

0.2961 

0.3175 

1.90 

-0.0409 

-0.0196 

0.0453 

205.63 

0.1267 

Kirniil 

0.3337 

1.85 

-0.0437 

-0.0179 

0.0473 

202.23 

0.1396 

0.3209 

0.3499 

1.90 

-0.0465 

-0.0158 

0.0491 

198.79 

0.1533 

0.3326 

0.3662 

1.95 

-0,0492 

-0.0134 

0.0510 

195.30 

0.1676 

0.3438 

0.3825 

2,00 

-0.0516 

-0.0108 

191.77 

0.1826 

0.3544 

0.3986 

62.74 

2.05 

-0.0539 

-0.0078 

B<i  IK 

188.22 

0.1981 

0.3643 

0.4147 

61.47 

2.10 

-0.0559 

-0.0045 

B<i  IK  •{■ 

184.65 

0.2141 

0.3735 

0.4305 

60.18 

2.15 

-0.0576 

-0.0011 

Bip  IK  rM 

181.06 

0.2306 

0.3819 

0.4461 

58.88 

2.20 

-0.0590 

0.0026 

177.47 

0.2474 

0.3895 

0.4614 

57.58 

2.25 

-0.0600 

0.0064 

173.88 

0.2645 

0.3962 

0.4764 

56.27 

2.30 

-0,0607 

HI  1  1  :  1  rfl 

BiWiiitri 

170.31 

0.2818 

0.4020 

0.4909 

54.97 

2,35 

-0.0610 

B<  1 

0.0627 

166.75 

0.2992 

0.4069 

0.5051 

53.68 

2.40 

-0.0610 

0.0637 

163.23 

0.3166 

0.4110 

0.5188 

52.39 

2.45 

-0.0606 

0.0646 

159.75 

0.3339 

0.4141 

0.5319 

51.12 

2.50 

-0.0599 

0.0263 

0.0654 

156.31 

0.3511 

0.4164 

0.5446 

49.87 

2.55 

-0.0589 

0.0301 

0.0661 

152.92 

0.3680 

0.4178 

0.5568 

48.63 

2.60 

-0.0575 

0.0667 

149.59 

0.3846 

0.4185 

0.5684 

47.42 

2.65 

-0.0559 

■■  1 

0.0672 

146.32 

0.4009 

0.4184 

0.5795 

46.23 

2.70 

-0.0541 

E  1  £  13 

0.0677 

143.12 

0.4167 

0.4177 

0.5900 

45.07 

2.75 

-0.0521 

0.0437 

0.0680 

140.00 

0.4321 

0.4163 

0.6000 

43.94 

2.80 

-0.0499 

0.0466 

0.0683 

136.95 

0.4470 

0.4144 

0.6095 

42.84 

2.85 

-0.0476 

0.0493 

0.0685 

133.97 

0.4613 

0.4120 

0.6185 

41.77 

2.90 

-0.0451 

0.0518 

0.0687 

131.07 

0.4752 

0.4091 

0.6270 

40.73 

2.95 

-0.0426 

0.0540 

0.0688 

128.25 

0.4885 

0.4059 

0.6351 

39.73 

3.00 

-0.0400 

0,0560 

0.0688 

125.51 

0.5012 

0.4023 

0.6427. 

38.75 

3.05 

-0.0374 

0.0579 

0.0689 

122.85 

0.5134 

0.3985 

0.6499 

37.82 

3.10 

-0.0347 

0.0595 

0.0689 

120.27 

0.5251 

0.3944 

0.6567 

36.91 

3.15 

-0.0321 

0.0609 

0,0689 

117.77 

0.5363 

0.3801 

0.6632 

36.04 

3.20 

-0.0295 

0.0622 

0.0688 

115.34 

0.5469 

0.3857 

0.6693 

35.20 

3.25 

-0.0269 

0.0633 

0.0688 

112.98 

0.5571 

0.3812 

0.6750 

34.39 

3.30 

-0.0243 

0.0643 

0.0687 

110.70 

0.5668 

0.3767 

0.8805 

33.61 

3.35 

-0.0218 

0.0651 

108.49 

0.5760 

0.3720 

0.6857 

32.86 

3.40 

-0.0193 

0.0658 

KKLll 

106.36 

0.5849 

0.3674 

0.6907 

32.13 

3.45 

-0.0169 

0.0664 

0.0685 

104.28 

0.5933 

0.3627 

0.8954 

31.44 

3.50 

-0.0146 

0.0669 

0.0684 

102.28 

0.6013 

0.3580 

0.6998 

30.77 

3.55 

-0.0123 

0.0673 

0.0684 

100.33 

0.6090 

0.3534 

0.7041 

30.13 

3.60 

-0.0100 

0.0676 

0.0683 

98.45 

0.6163 

0.3489 

0.7082 

29.51 

3.65 

-0.0079 

0.0678 

0.0683 

96.63 

0.6233 

0.3443 

0.7121 

28.92 

3.70 

-0.0058 

0.0680 

0.0682 

94.86 

0.6300 

0.3399 

0.7158 

28.35 

3.75 

-0.0037 

0.0681 

0.0682 

93.15 

0.6364 

0.3355 

0.7194 

27 .79 

3.80 

-0.0018 

0.0681 

0.0681 

91.49 

0.6426 

0.3312 

0.7229 

27.27 

3.85 

0.0001 

0.0681 

0.0681 

89.88 

0.6485 

0.3269 

0.7262 

26.76 

3.90 

0.0020 

0.0681 

0.0681 

88.33 

0.6541 

0.3228 

0.7294 

26.26 

3.95 

0.0038 

■ 

0.0681 

86.82 

0.6595 

0.-3187 

0.7325 

25.79 
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1.2003 

1.1990 

1.1905 
1.1990 
1.1984 

1.1979 

1.1972 

1.1065 

1.1958 

1.1950 

1.1942 

1.1934 

1.1025 

1.1916 

1.1906 


1.1847 

1.1836 

1.1826 

1.1815 

1,1804 


-0.5091 

-0.4088 

-0.4890 

-0.4705 

-0.4704 

-0.4616 

-0.4532 

-0.4450 

-0.4372 

-0.4296 

-0.4223 

-0.4152 

-0.4083 

-0.4017 

-0.3952 

-0.3890 

-0.3830 

-0.3771 

-0.3714 

-0.3659 

-0.3605 

-0.3553 

-0.3502 

-0.3453 

-0.3405 


1.1793  f- 


1.1602 

1.1592 

1.1582 
572 
562 
552 
1.1543 

1.1533 

1.1523 

1.1514 

1.1505 

1.1495 

1.1486 

1.1477 

1.1468 

1.1459 

1.1450 


-0.3358 

-0.3313 

-0.3268 

-0.3225 

-0.3183 

-0.3142 

-0.3102 

-0.3062 

-0.3024 

-0.2987 

-0.2950 

-0.2914 

-0.2880 

-0.2845 

-0.2812 

-0.2779 

-0.2748 

-0.2716 

-0.2686 

-0.2656 

-0.2626 

-0.2598 

-0.2570 

-0.2542 

-0.2515 

-0.2488 

-0.2462 

-0.2437 

-0.2412 

-0.2387 

-0.2363 

-0.2340 

-0.2317 

-0.2294 

-0.2272 


0.8937 

0.8945 

0.8954 

0.8962 

0.8970 

0.8977 

0.8985 

0.8993 

0.9000 

0.9008 

0.9015 

0.9022 

0.9030 

0.9037 

0.9044 

0.9051 

0.9058 

0.9065 

0.9072 

0.9070 

0.9085 

0.9092 

0.0090 

0.9105 

0.0112 

0.9118 

0.0125 

0.0131 

0.9137 

0.9143 

0.9149 

0.0155 

0.9161 

0.9167 

0.9173 

.0170 

.0185 

.0190 

0.0198 

0.9202 

0.9207 

.9213 

.9218 

.9223 

.9228 

0.0234 

0.0239 

0.9244 

0.9249 

0.9254 


1.2774 

1.2540 

.1.2315 

1.2098 

1.1890 

1.1688 

1.1494 

1.1307 

1.1126 

1.0951 

1.0781 

1.0617 

1.0459 

1.0305 

1.0156 

1.0012 

0.9871 

0.9735 

0.9603 

0.9474 

0.9349 

0.0227 

0.9109 

0.8994 

0.8881 

0.8772 

0.8665 

0.6560 

0.8459 

0,8359 

0.8262 

0.6166 

0.8075 

0.7984 


0.7809 

0.7724 

0.7641 

0.7560 

0.7480 

0.7402 

0.7326 

0.7251 

0.7177 

0.7105 


0.6397 

.6339 

.6283 

.6227 

.6172 


0.2788 

0.2854 

0.2919 

0.2982 

0.3045 

0.3107 

0.3168 

0.3228 

0.3267 

0.3345 

0.3402 

0.3459 

0.3514 

0.3566 

0.3622 

0.3675 

0.3726 

0.3778 

0.3828 

0.3877 

0.3926 

0.3974 

0.4022 

0.4068 

0.4114 

0.4160 

0.4204 

0.4248 

0.4292 

0.4335 

0.4377 

0.4419 

0.4460 

0.4500 

0.4540 

0.4580 

0.4619 

0.4657 

0.4695 

0.4733 

0.4770 

0.4807 

0.4843 

0.4879 

0.4914 

0.4949 

0.4983 

0.5017 

0.5051 

0.5084 

0.5116 

0.5149 

0.5181 

0.5212 

0.5244 

0.5274 

0.5305 

0.5335 

0.5365 

0.5394 


0.9945 

0.9928 

0.9912 

0.9896 

0.9880 

0.9865 

0.9851 

0.9837 

0.9823 

0.9810 

0.9797 

0.9784 

0.9772 

0.9760 

0.9749 

0.9737 

0.9726 

0.9715 

0.9705 

0.0694 

0.9684 

0.9674 

0.9665 

0.9655 

0.9646 

0.9637 

0.9628 

0.9619 

0.9611 

0.9603 

0.9504 

0.9586 

0.9578 

0.9571 

0.9563 

0.9555 

0.9548 

0.9541 

0.0534 

0.9527 

0.9520 

0.9513 

0.9507 

0.0500 

0.9494 

0.9487 

0.9481 

0.9475 

0.0460 

0.9463 

0.9458 

0.9452 

0.9446 

0.9441 

0.9435 

0.9430 

0.9425 

0.9419 

0.9414 

0.9409 


-0.0615 

-0.0812 

-0.0609 

-0.0606 

-0.0603 

-0.0600 

-0.0597 

-0.0594 

-0.0591 

-0.0588 

-0.0585 


-0.0573 

-0.0570 

-0.0567 

-0.0564 

-0.0561 

-0.0558 

-0.0556 


-0.0544 

-0.0541 


-0.0525 

-0.0522 

-0.0520 

-0.0517 

-0.0515 


MODULUS 


0.9968 

0,9951 

0.9935 

0.9919 

0.9903 

0.9888 

0.9874 

0.9859 

0.9846 

0.9832 

0.9819 

0.9806 

0.9794 

0.9782 

0.9770 

0.9758 

0.9747 

0.9736 

0.9725 

0.9715 

0.9706 

0.9695 

0.9685 

0.9675 

0.9666 

0.9656 

0.9647 

0.9638 

0.9630 

0.9621 

0.9613 

0.9605 

0.9597 

0.9589 

0.9581 

0.9573 

0.9566 

0.9558 

0.9551 

0.9544 

0.9537 

0.9530 

0.9523 

0.9517 

0.9510 

0.9504 

0.9497 

0.9491 

0.9485 

0.9479 

0.9473 

0.9467 

0.9461 

0.9456 

0.9450 

0.9445 

0.9439 

0,9434 

0.9429 

0.9423 


(BtsKest 

356 

.09 

366 

.10 

356 

.10 

356 

.10 

356 

.11 

356 

.12 

356 

.12 

356 

.13 

356 

.14 

356 

.15 

356 

.16 

356 

.17 

356 

.19 

356 

.20 

356 

.21 

356 

.22 

366 

.24 

356 

.25 

356 

.26 

356 

.28 

356 

.29 

356 

.31 

356 

.32 

356 

.34 

356 

.35 

356 

,37 

356 

.38 

356 

.40 

356 

.41 

356 

.43 

356 

.44 

356 

.46 

356 

.47 

356 

.49 

S56 

.50 

356 

.52 

356 

.53 

356 

.55 

356 

.56 

356 

.58 

356 

.59 

356 

.61 

356 

.62 

356 

.64 

356 

.65 

356 

.67 

356 

.68 

356 

.70 

356 

.71 

356 

.73 

356 

.74 

356 

.75 

356 

.77 

356 

.78 

356 

.80 

356 

.81 

356 

.83 

356 

.84 

356 

.86 

356 

.87 
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0.005S 

0.0072 

0.0088 

0.0104 

0.0120 

0.0135 

0.0149 

0.0163 

0.0177 

0.0190 

0.0203 

0.0216 

0.0228 

0.0240 

0.0251 

0.0263 

0.0274 

0.0285 

0.0295 

0.0306 

0.0316 

0.0326 

0.033S 

0.0345 

0.0354 

0.0363 

0.0372 

0.0381 

0.0389 

0.0397 

0.0406 

0.0414 

0.0422 

0.0429 

0.0437 

0.0445 

0.0452 

0.0459 

0,0466 

0.0473 

0.0480 

0.0487 

0.0493 

0.0500 

0.0506 

0,0513 

0.0519 

0.0525 

0.0531 

0.0537 

0.0542 

0.0548 

0.0554 

0.0559 

0.0565 

0.0570 

0.0575 

0.0581 

0.0586 

0.0591 


0.0679 

0.0678 

0.0676 

0.0674 

0.0672 

0.0670 

0.0668 

0.0665 

0.0662 

0.0660 

0.0657 

0.0654 

0.0651 

0.0649 

0.0646 

0.0643 

0.0640 

0.0637 

0.0634 

0.0630 

0.0627 

0.0624 

0.0621 

0.0618 

0.0615 

0.0612 

0.0609 

0.0606 

0.0603 

0.0600 

0.0597 

0.0594 

0.0591 

0.0588 

0.0585 

0.0582 

0.0579 

0,0576 

0.0573 

0.9570 

0.0567 

0.0564 

0.0561 

0.0558 

0.0556 

0.0553 

0.0550 

0.0547 

0.0544 

0.0541 

0.0539 

0.0536 

0,0533 

0.0531 

0.0528 

0.0525 

0.0522 

0.0520 

0,0517 

0.0515 


0.0732 
0.0734 
0.0736 
0.07  39 
0. 

0.0743 

0.0745 

0.0747 

0.0749 

0.0752 

0.0754 

0.0756 

0.0758 

0.0760 

0.0762 


REAL 

tMAG. 

MODULUS 

0.6648 

0.3147 

0.7355 

0.6698 

0.3108 

0.7384 

0.6746 

0.3070 

0.7412 

0.6793 

0.3033 

0.7439 

0.6838 

0.2997 

0.7466 

0.6882 

0.2961 

0.7492 

0.6924 

0.2926 

0.7517 

0.6965 

0.2893 

0.7541 

0.7004 

0.2860 

0.7565 

0.7042 

0.2827 

0.7589 

0.7080 

0.2796 

0.7612 

0.7116 

0.2765 

0.7634 

0.7151 

0.2735 

0.7656 

0.7185 

0.2706 

0.7218 

0.2677 

0.7764 

0.7785 

0.7805 

0.7825 

0.7845 

0.7864 

0.7883 

0.7901 

0.7919 

0.7937 

0.7055 

0.7972 

0.7989 

0.8006 

0.8022 

0.8039 

0.8054 

0.8070 

0.8085 

0.8101 

0.8115 

0.8130 

0.8145 

.8159 

.8173 


0.2649 

0.2622 

0.2595 

0.2569 

0.2543 

0.2518 

0.2493 

0.2469 

0.2446 

0.2423 

0.2400 

0.2378 

0.2356 

0.2334 

0.2313 

0.2293 

0.2273 

0.2253 

0.2233 

0.2214 

0.2195 

0.2176 

0.2158 

0.2140 

0.2123 

0.2105 

0.2088 

0.2071 

0.2055 

0.2038 

.2022 
.2006 
.1991 
0.1975 
0.1960 

.1945 
.1931 
.1916 
0.1902 
0.1888 

0.1874 

0.1860 

0.1847 

0.1833 

0.1820 


0. 

0. 
0.7759 
0. 


0.7890 

0.7908 

0.7925 

0.7942 

0.7958 

0.7975 

0.7091 

0.8007 

0.8023 

0,8038 

0.8054 

0.8069 

0.8083 

0.8098 

0.8113 

0.8127 

0.8141 

0.8155 

0.8168 

0.8182 

0.8195 


Em 


0.8234 

0.8246 

0.8258 

0.8271 

0.8283 

0.8294 

0.8306 

0.8318 

0.8329 

0.8340 

0.8351 

0.8362 

0.8373 
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k=  0.0  er  *  0.25 


m 

30 

/ 

V” 

-2rY 
{  X 

- 

V 

REAL 

MAG. 

X 

REAL 

MAG. 

MODULUS 

RRASt 

loeetKes) 

7.00 

1.1442 

-0.2250 

0.9304 

0.6119 

0.5423 

0.0404 

-0.0512 

0.0418 

356.88 

7.05 

1.1433 

-0.2228 

0.9309 

0.6066 

0.5452 

0.0400 

0.9413 

356.90 

7.10 

1.1424 

0.9313 

0.6014 

0.5481 

0.0395 

-0.0507 

0.9408 

356.91 

7.15 

1.1416 

0.9317 

0.5963 

0.5509 

0.0300 

-0.0504 

0.9404 

356.93 

7.20 

1.1408 

-0.2166 

0.9321 

0.5912 

0.5536 

0.0385 

-0.0502 

0.9399 

356.94 

7.25 

1.1399 

-0.2146 

0.9325 

0.5863 

0.5564 

0.9381 

-0.0499 

0.9394 

356.95 

7.30 

1.1391 

-0.2126 

0.9329 

0.5814 

0.5501 

0.9376 

-0.0497 

0.9389 

356.97 

7.35 

1.1383 

-0.2107 

0.9333 

0.5766 

0.5618 

0.9372 

-0.0494 

0.9385 

356.98 

7.40 

1.1375 

0.9337 

0.5719 

0.5645 

0.9367 

-0.0492 

0.9380 

356.99 

7.45 

1.1367 

-0.2069 

0.9341 

0.5673 

0.5671 

0.9363 

-0.0489 

0.9376 

357.01 

7.50 

1.1359 

0.9345 

0.5627 

0.5697 

0.9359 

-0.0487 

0.9371 

357.02 

7.55 

1.1351 

0.9349 

0.5582 

0.5722 

0.0354 

-0.0485 

0.9367 

357.03 

7.60 

1.1343 

HiH’ 

0.9353 

0.5538 

0.5748 

0.9350 

-0.0482 

0.9363 

357.05 

7.65 

1.1336 

-0.1998 

0.9356 

0.5494 

0.5773 

0.0346 

-0.0480 

0.9359 

357.06 

7.70 

1.1328 

-0.1981 

0.9360 

0.5451 

0.5798 

0.9342 

-0.0478 

0.9354 

357.07 

7.76 

1.1321 

-0.1964 

0.9364 

0.5409 

0.5822 

0.9338 

-0.0475 

0.9350 

357.09 

7.80 

1.1813 

-0.1947 

0.9367 

0.5367 

0.5846 

0.9334 

-0.0473 

0.9346 

357.10 

7.85 

1.1306 

-0.1931 

0.9371 

0.5326 

0.5871 

0.9330 

0.9342 

357.11 

7.80 

1.1299 

-0.1915 

0.9374 

0.5286 

0.5894 

0.0327 

0.9338 

357.13 

7.95 

1.1291 

-0.1899 

0.9378 

0.5246 

0.5918 

0.0323 

0.9334 

357.14 

8.00 

1.1284 

-0.1883 

0.9381 

0.5207 

0.5941 

0.9319 

0.9331 

357.15 

8.05 

1.1277 

0.9385 

0.5168 

0.5964 

0.9315 

-0.0462 

0.9327 

357.16 

1.1270 

BiUl:  sH 

0.9388 

0.5130 

0.5987 

0.9312 

-0.0459 

0.9323 

367.17 

6.15 

1.1263 

H>llr  <  :l 

0.0301 

0.5093 

0.6009 

0.9308 

-0.0457 

WKiim 

357.19 

8.20 

1.1256 

jj  H 

0.9395 

0.5056 

0.6032 

0.9305 

-0.0455 

357 .20 

6.25 

1.1250 

0.0398 

0.5019 

0.6054 

0.9301 

-0.0453 

0.9312 

357.21 

6.30 

1.1243 

-0.1796 

0.9401 

0.4983 

0.6075 

0.0208 

-0.0451 

0.0309 

357.22 

8.35 

1.1236 

-0.1781 

0.9405 

0.4948 

0.6097 

0.9294 

-0.0449 

0.9305 

357.24 

8.40 

1.1230 

-0.1767 

0.9408 

0.4913 

0.6118 

0.9291 

-0.0447 

0.9302 

357.25 

8.45 

1.1223 

-0.1753 

0.9411 

0.4879 

0.6139 

0.9287 

-0.0445 

0.9298 

357.26 

8.50 

1.1217 

-0.1740 

0.9414 

0.4845 

0.6160 

0.9284 

-0.0443 

0.9295 

357.27 

8.55 

-0.1727 

0.9417 

0.4811 

0.6181 

0.9281 

-0.0441 

0.9291 

357.28 

6.60 

-0.1714 

0.9420 

0.4778 

0.6201 

0.9278 

-0.0438 

0.9288 

357.29 

8.65 

1.1198 

-0.1701 

0.9423 

0.4745 

0.6222 

0.9275 

-0.0436 

0.9285 

357.31 

8.70 

1.1191 

-0.1689 

0.0426 

0.4713 

0.6242 

0.9271 

-0.0434 

0.9282 

357.32 

6.75 

1.1185 

-0.1676 

0.9429 

0.4681 

0.6262 

0.9268 

-0.0433 

0.9278 

357.33 

8.80 

1.1179 

-0.1664 

0.9432 

0.4650 

0.6281 

0.9265 

-0.0431 

0.9275 

357.34 

6.85 

1.1178 

-0.1652 

0.9435 

0.4619 

0.6301 

0.9262 

-0.0429 

0.9272 

357.35 

8.90 

1.1167 

-0.1640 

0.9438 

0.4580 

0.6320 

0.0259 

0.9269 

357.36 

8.95 

1.1161 

-0.1628 

0.0441 

0.4558 

0.6339 

0.0258 

-0.0425 

0.9266 

357.37 

9.00 

1.1155 

-0.1616 

0.9443 

0.4529 

0.6358 

0.9253 

-0.0423 

0.9263 

357.38 

9.05 

1.1150 

-0.1605 

0.9446 

0.4409 

0.0377 

0.9251 

-0.0421 

0.8260 

357.39 

9.10 

1.1144 

-0.1594 

0.9449 

0.4470 

0.6395 

0.9248 

0.9257 

357.41 

9.15 

1.1138 

-0.1583 

0.0452 

0.4442 

0.6414 

0.9245 

-0.0417 

0.9254 

357.42 

9.20 

1.1132 

-0.1572 

0.9454 

0.4414 

0.6432 

0.9242 

-0.0415 

0.0252 

357.43 

9.25 

1.1127 

-0.1561 

0.9457 

0.4386 

0.6450 

0.9239 

-0.0414 

0.9249 

357.44 

9.30 

1.1121 

Him™ 

0.9460 

0.4358 

0.6467 

0.9237 

1-  i  Ts 

0.9246 

357 .45 

9.35 

1.1116 

B'HI-i'iB 

0.9462 

0.4331 

0.6485 

0.0234 

0.9243 

357.46 

9.40 

-0.1529 

0.9465 

0.4304 

0.6503 

0.9231 

0.9240 

357 .47 

9.45 

1.1105 

-0.1519 

0.9467 

0.4277 

0.6520 

0.9229 

I  ■  ^  I  ta 

0.9238 

357.48 

9.50 

1.1099 

-0.1509 

0.9470 

0.4251 

0.6537 

0.9226 

-0.0405 

0.9235 

357.49 

9.55 

1.1094 

-0.1499 

0.9473 

0.4225 

0.6554 

0.9224 

-0.0403 

0.9232 

357.50 

9.60 

1.1089 

-0.1489 

0.9475 

0.4200 

0.6571 

0.9221 

-0.0401 

0.9230 

357,51 

9.65 

1.1084 

-0.1479 

0.0478 

0.4174 

0.6587 

0.9219 

-0.0400 

0.9227 

357.52 

9.70 

1.1079 

-0.1470 

0.9480 

0.4149 

0.6604 

0.9216 

-0.0398 

0.9225 

357.53 

9.75 

1.1073 

-0.1460 

0.9482 

0.4125 

0.6620 

0.9214 

-0.0390 

0.9222 

357.54 

9.80 

1.1068 

-0.1451 

0.9485 

0.4100 

0.6636 

0.9211 

-0.0394 

0.9220 

357.55 

9.85 

lil063 

-0.1441 

0.9487 

0.6652 

0.9209 

-0.0393 

0.9217 

357.56 

9.90 

1.1058 

-0.1432 

0.6668 

0.9206 

-0.0391 

0.9215 

357.57 

9.95 

1.1053 

-0.1423 

0.9492 

0.0684 

0.9204 

-0.0390 

0.9212 

357.58 

10.00 

1.1048 

-0.1414 

0.9494 

0.8700 

0.9202 

-0.0388 

0.9210 

357.59 
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r" 

k= 

a-s  0.25 

— 

_  _J 

B 

REAL 

fMAG. 

MODULUS 

REAL 

IMAG. 

MODULUS 

phase 

1 IDESROS! 

0.0596 

0.0512 

0.0785 

40.68 

0.8187 

0.1807 

0.8384 

0.0600 

0.0509 

0.0787 

40.31 

0.8200 

0.1794 

0.8394 

^Will 

0.0605 

0.0507 

0.0789 

39.94 

0.8213 

0,1782 

0.8404 

12.24 

7.15 

0.0610 

0.0504 

0.0791 

39.58 

0.8227 

0.1769 

0.8415 

12.14 

7.20 

0.0615 

0.0502 

0.0793 

39.22 

0.8240 

0.1757 

0.8425 

12.04 

0.0619 

0.0499 

0.0795 

38.88 

0.8252 

0.1745 

0.8435 

11.94 

0.0624 

0.0497 

0.0797 

38.53 

0.8265 

0.1733 

0.8445 

11.84 

■Ka 

0.0628 

0.0494 

0.0799 

38.19 

0.827? 

0.1721 

0.8454 

11.75 

7.40 

0.0633 

0.0492 

0.0801 

37.86 

0.8290 

0.1710 

0.8464 

11.65 

7.45 

0.0637 

0.0489 

0.0803 

37.53 

0.8302 

0.1698 

0.8473 

11.56 

7.50 

0.0641 

0.0487 

0.0805 

37.21 

0.8313 

0.8483 

11.47 

7.55 

0.0646 

0.0485 

0.0807 

36.90 

0.8325 

0.1675 

0.8492 

11.38 

7.60 

0.0650 

0.0482 

0.0809 

36.59 

0.8337 

0.1664 

0.8501 

11.29 

7.65 

0.0654 

0.0480 

0.0811 

36.28 

0.8348 

0.1654 

0.8510 

11.20 

7.70 

0.0658 

0.0478 

0.0813 

35.98 

0.8359 

USSM 

0.8519 

11.12 

7.75 

0.0662 

0.0475 

0.0815 

35.68 

0.8370 

0.8528 

11.03 

7.80 

0.0666 

0.0473 

0.0817 

35.39 

0.8381 

0.8537 

10.95 

7.85 

0.0670 

0.0471 

■TliITT  V 

35.10 

0.8392 

iJiMl 

0.8545 

10.87 

7.90 

0.0673 

0.0468 

■■ 

34.82 

0.8403 

0.1601 

0.8554 

10.79 

7.95 

0.0677 

0.0466 

34.54 

0.8413 

0.1591 

0.8562 

10.71 

8.00 

0.0681 

0.0464 

0.0824 

34.26 

0.8423 

0.1581 

0.8570 

10.63 

8.05 

0.0685 

0.0462 

■■Hi;:  >.  is 

33.99 

0.8434 

0.1571 

0.8579 

10.55 

8.10 

0.0668 

0.0459 

liHt}: '  :■ 

33.73 

0.8444 

0.1561 

0.8587 

10.48 

8.15 

0.0692 

0.0457 

33.46 

0.8454 

0.1552 

0.8595 

10.40 

8.20 

0.0695 

0.0455 

33.20 

0.8463 

0.1542 

0.8603 

10.33 

8.25 

0.0699 

0.0453 

0.0833 

32.95 

0.8473 

0.1533 

0.8611 

10.25 

8.30 

0.0702 

0.0451 
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32.70 

0.8483 

0.1523 

0.8618 

10.18 

8.35 
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32.45 

0.8492 

0.1514 

0.8626 
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8.40 
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32.21 

0.8501 

0.1505 

0.8633 

10.04 

8.45 

0.0713 

0.0445 

31.96 

0.8510 

0.1496 

0.8641 

9.97 

8.50 

0.0716 

0.0443 

0.0842 

31.73 

0.8520 

0.1487 

0.8648 

9.90 

8.55 

0.0719 

0.0441 

0.0843 

31.49 

0.8528 

0.1479 

0.8656 

9.84 

8.60 

0.0722 

0.0438 

0.0845 

31.26 

0.8537 

0.1470 

0.8663 

9.77 

6.65 

0.0725 

0.0436 

0.0847 

31.04 

0.8546 

0.1461 

0.8670 

9.70 

8.70 

0.0729 

0.0434 

0.0848 

30.81 

0.8555 

0.1453 

0.8677 

9.64 

8.75 

0.0732 

0.0433 

0.0850 

30.59 

0.8563 

0.1445 

0.8684 

9.58 

8.80 

0.0735 

0.0431 

0.0652 

30.37 

0.8572 

0.1436 

0.8691 

9.51 

8.85 

0.0738 

0.0429 

0.0653 

30.16 

0.8580 

0.1428 

0.8698 

9.45 

8.90 

0.0741 

0.0427 

0.0855 

29.95 

0.8588 

0.1420 

0.8705 

9.39 

8.95 

0.0744 

0.0425 

0.0856 

29.74 

0.8596 

0.1412 

0.8712 

9.33 

9.00 

0.0747 

0.0423 

0.0858 

29.53 

0.8604 

0.1404 

0.8718 

9.27 

9.05 

0.0749 

0.0421 

0.0860 

29.33 

0.8612 

0.1396 

0.8725 

9.21 

9.10 

0.0752 

0.0419 

0.0861 

29.12 

0.8620 

0.1389 

0.8731 

9.15 

9.15 

0.0755 

0.0417 

0.0863 

28.93 

0.8628 

0.1381 

0.8738 

9.09 

9.20 

0.0758 

0.0415 

0.0864 

28.73 

0.8636 

0.1373 

0.8744 

9.04 

9.25 

0.0761 

0.0414 

0.0866 

28.54 

0.8643. 

0.1366 

0.8751 

8.98 

9.30 

0.0763 

0.0412 

0.0867 

28.35 

0.8651 

0.1359 

0.8757 

8.92 

9.35 

0.0766 

0.0410 

0.0869 

28.16 

0.8658 

0.1351 

0.8763 

8.87 

9.40 

0.0769 

0.0408 

0.0870 

27.97 

0.8666 

0.1344 

0.8769 

8.82 

9.45 

0.0771 

0.0406 

0.0872 

27.79 

0.8673 

0.1337 

8.76 

9.50 

0.0774 

0.0405 

0.0873 

27.61 

0.8680 

0.1330 

0.8781 

8.71 

9.55 

0.0776 

0.0403 

0.0875 

27.43 

0.8687 

0.1323 

0.8787 

8.66 

9.60 

0.0779 

0.0401 

0.0876 

27.25 

0.8694 

0.1316 

0.8793 

8.61 

9.65 

0.0781 

0.0400 

0.0878 

27.08 

0.8701 

0.1309 

0.8799 

8.55 

9.70 

0.0784 

0.0398 

0.0879 

26.90 

0.8708 

0.1302 

0.8805 

8.50 

9.75 

0.0786 

0.0396 

0.0881 

26.73 

0.8715 

0.1295 

0.8811 

8.45 

9.80 

0.0789 

0.0394 

0.0882 

26.57 

0.8722 

0.1289 

0.8816 

8.40 

9.85 

0.0791 

0.0393 

0,0883 

26.40 

0.8728 

0.1282 

0.8822 

8.36 

9.90, 

0.0794 

0.0391 

0,0885 

26.24 

0.8735 

0.1276 

0.8827 

8.31 

9.95 

0.0796 

0.0390 

0.0886 

26.07 

0.8741 

0.1269 

0.8833 

8.26 

10.00 

0.0798 

0.0388 

0.0888 

25.91 

0.8748 

0.1263 

0.8838 
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4.8327 
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-0.0054 
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359.69 

1.80 

1.0106 

-3.5080 

0.6550 

4.7287 

0.0088 

1.0126 

-0.0068 

1.0126 

359.62 

1.35 

1.0123 

-3.2469 

0.6732 

4.6226 

0.0098 

1.0142 

-0.0084 

1.0143 

359.53 

1.40 

1.0142 

-3.0129 

0.6906 

4.5146 

0.0109 

1.0159 
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1.0160 

359.42 

1.45 

1.0163 

-2.8024 

0.7074 

4.4050 

0.0122 

1.0177 

-0.0125 

1.0178 

359.30 

1.50 

1.0186 

-2.0123 

0.7234 

4.2940 

0.0137 

1.0194 

-0.0150 

1.0195 

359.16 

1.55 

1.0211 

-2.4400 

0,7386 

4.1818 

0.0153 

1.0211 

-0.0170 

1.0213 

359.00 

1.60 

1 .0238 

-2.2833 

0.7531 

4.0688 

0.0171 

1.0228 

-0.0211 

1.0230 

358.82 

1.65 

1.0268 

-2.1405 

0.7669 

3.9546 

0.0192 

1.0243 

-0.0248 

1.0246 

358.61 

1.70 

1.0300 

-2.0100 

0.7799 

3.8403 

0.0215 

1.0256 

-0.0288 

1.0260 

358.39 

1.75 

1.0335 

-1.8903 

0.7021 

3.7256 

1.0267 

-0.0331 

1.0272 

358.15 

1.80 

1.0372 

-1.7804 

0.8035 

3.6114 

1.0274 

-0.0379 

1.0281 

357.89 

1.65 

1.0410 

-1.6793 
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3.4975 

1.0278 

-0.0429 

1.0287 

357.61 

1.90 

1.0451 

-1.5861 

0.8241 

3.3844 

0.0339 

1.0278 

-0.0462 

1 .0289 

357.32 

1.95 

1 .0494 

-1.5000 

0.8333 

3.2724 

0.0379 

1.0273 

-0.0537 

1.0287 

357.01 

2.00 

1.0539 

•1 .4205 

0.8418 

3.1620 

0.0423 

1.0263 

-0.0594 

1.0281 

356.69 

2.05 

1.0584 

-1 .3466 

0.8495 

3.0534 

0.0472 

1.0248 

-0.0651 

1.0269 

356.36 

2.10 

1.0631 

-1 .2786 

0.8566 

2.9471 

0.0525 

1.0228 

-0.0709 

1.0252 

356.04 

2.15 

1.0679 

-1.2153 

0.8630 

2.8432 

0.0582 

1.0202 

-0.0765 

1.0230 

355.71 

2.20 

1.0726 

-1.1565 

0.8087 

2.7421 

0.0644 

1.0170 

-0.0820 

1.0203 

355.39 

2.25 

1.0774 

-1.1020 

0.8739 

2.6441 

0.0711 

1.0134 

-0.0673 

1.0172 

355.08 

2.30 

1.0821 

-1.0512 

0.8786 

2;S494 

0.0781 

1.0136 

354.78 

2.35 

1.0868 

-1.0040 

0.8828 

2.4581 

0.0856 

1.0049 

1.0096 

354.50 

2.40 

1.0913 

-0.9600 

0.8865 

2.3704 

0.0934 

-0.1011 

1.0053 

354.23 

2.45 

1.0057 

-0.9191 

0.8898 

2.2863 

0.1016 

0.9952 

-0.1049 

1.0007 

353.98 

2.50 

1.0099 

0.8928 

2.2058 

0.1102 

0.9900 

-0.1082 

0.9959 

353.76 

2.55 

1.1040 

2.1290 

0.1190 

0.9847 

-0.1112 

0.9909 

353.56 

2.60 

1.1078 

2.0557 

0.1280 

0.9792 

-0.1137 

0.9858 

353.38 

2.65 

1.1115 

1.9860 

0.1372 

-0.1158 

0.9807 

353.22 

2.70 

1.1149 

0.9018 

1.9196 

0.1467 

-0.1175 

0.9755 

353.08 

2.75 

1.1182 

-0.7240 

0.9035 

1.8566 

0.1562 

-0.1189 

0.9704 

352.96 

2.80 

1.1212 

-0.6983 

0.9050 

1.7967 

0.1659 

0.9578 

-0.1199 

0.9653 

352.86 

2.85 

1.1240 

-0.6741 

0.9064 

1.7398 

0.1756 

0.9527 

-0.1207 

0.9603 

352.78 

2.90 

1.1266 

-0.6514 

0.9076 

1.6858 

0.1853 

0.9477 

-0.1211 

0.9554 

352.72 

2.95 

1.1290 

-0.6300 

0.9087 

1.6345 

0.1951 

0.9429 

-0.1213 

0.9507 

352.67 

3.00 

1.1312 

-0.6098 

0.9008 

1.5858 

0.2048 

0.9382 

-0.1213 

0.9460 

352.63 

3.05 

1.1332 

-0.5908 

0.9107 

1.5395 

0.2145 

0.9337 

-0.1211 

0.9415 

352.61 

3.10 

1.1351 

-0.5728 

0.9116 

1.4956 

0.2241 

0.9294 

-0.1208 

0.9372 

352.60 

3.15 

1.1367 

-0.5558 

1.4538 

0.2337 

0.9252 

-0.1203 

0.9330 

352.59 

3.20 

1.1382 

-0.5397 

Eiiliiiil 

1.4141 

0.2431 

0.9213 

-0.1196 

0.9290 

352.60 

3.25 

1.1396 

-0.5244 

0.9140 

1.3763 

0.2525 

0.9175 

-0.1189 

0.9251 

352.62 

3.30 

1.1408 

-0.5099 

0.9147 

1.3404 

0.2618 

0.9138 

-0.1181 

0.0214 

352.64 

3.35 

1.1419 

-0.4962 

0.9154 

1.3061 

0.2709 

0.9103  ' 

-0.1172 

0.9178 

352.66 

3.40 

1.1428 

-0.4831 

0.9160 

1.2735 

0.2798 

0.9070 

-0.1162 

0.9144 

352.70 

3.45 

1.1436 

-0.4707 

0.6166 

1.2424 

0.2867 

0.0038 

-0.1152 

0.9111 

352.73 

3.50 

1.1443 

-0.4588 

1.2128 

0.2974 

0.9008 

-0.1142 

0.9080 

352.77 

3.55 

1.1449 

-0.4476 

Eld 

1.1845 

0.3059 

0.8978 

-0.1131 

0.9049 

352.82 

3.60 

1 .1454 

-0.4368 

E  7  9 

1.1574 

0.3143 

0.8951 

-0.1121 

0.9020 

352.86 

3.65 

1.1458 

-0.4265 

0.9189 

1.1316 

0.3225 

0.8924 

0.8993 

352.01 

3.70 

1.1461 

-0.4167 

0.9195 

1.1089 

0.3306 

0.8898 

-0.1099 

0.8966 

352.96 

8.75 

1.1463 

-0.4073 

1.0832 

0.3385 

0.8874 

-0.1088 

0.8040 

353.01 

3.80 

1.1464 

-0.3984 

EE  ^ 

1.0606 

0.3463 

0.8850 

-0.1077 

0.8916 

353.06 

3.85 

1.1466 

-0.3898 

0.9211 

1.0388 

0.3539 

0.8628 

-0.1066 

0.8892 

353.12 

3.90 

1.1465 

-0.3815 

I.OIBO 

0.3613 

0.8806 

-0.1055 

0.8860 

353.17 

3.95 

1.1464 

« 

-0.3736 

0.9221 

0.9981 

0.3686 

0.8786 

-0.1044 

0.6847' 

353.22 
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-0.0082 
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0.0054 

0.0123 

153.84 

0.0379 

0.1898 

0.1935 

78.71 

1.30 

-0.0126 

0.0143 

151.70 

0.0443 

0.2042 

0.2089 

77.77 

1.35 

-0.0142 

0.0084 

0.0165 

149.47 

0.0514 

0.2189 

0.2249 

76.79 

1.40 

-0.0150 

0.0190 
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0.0593 

0.2339 

0.2413 

75.77 

1.45 

-0.0177 

0.0125 

0.0217 

144.77 

0.0681 

0.2490 

0.2582 

74.71 

1.50 

-0.0104 

0.0150 

0.0246 

142.30 

0.0777 

0.2642 

0.2754 

73.61 

1.55 

-0.0211 

0.0179 

0.0277 

139.75 

0.0883 

0.2795 

0.2931 

72.46 

1.60 

-0.0228 

0.0211 

0.0311 

137.13 

0.0999 

0.2946 

0.3111 

71.28 

1.65 

-0.0243 

0.0248 

0.0347 

134.43 

0.1124 

0.3096 

0.3294 

1.70 

-0.0256 

0.0288 

0.0385 

131.66 

0.1259 

0.3243 

0.3479 

68.79 

1.75 

-0.0267 

0.0331 

0.0425 

128.82 

0.1403 

0.3386 

0.3665 
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1.80 
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0.0379 

0.0467 
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0.1558 

0.3524 

0.3853 
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1.85 
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0.0429 

0.0511 
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0.3655 

0.4040 
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1.00 

-0.0278 

0.0482 

0.0556 
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0.1894 

0.3779 

0.4227 

63.37 

1.05 

-0.0273 

0.0537 
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116.97 

0.2075 

0.3894 

0.4412 

61.05 

2.00 

-0.0263 

0.0594 

0.0650 

113.92 

0.2263 

0.3999 

0.4595 

60.49 

2.05 

-0.0248 

0.0661 

0.0697 

110.86 

0.2457 

0.4094 

0.4775 

59.03 

2.10 

-0.0228 

0.0744 

107.80 

0.2658 

0.4177 

0.4950 

57.55 

2.15 

-0.0202 

0.0765 

0.0791 

104.75 

0.2859 

0.4248 

0.5120 

56.06 

2.20 

-0.0170 

Esm 

0.0838 

101.73 

0.3063 

0.4306 

0.5284 

54.58 

2.25 

-0.0134 

0.0873 

0.0883 

98.74 

0.3268 

0.4352 

0.5443 

53.10 

2.30 

-0.0094 

0.0922 

0.0927 

95.81 

0.3472 

0.4386 

0.5594 

51.64 

2.35 

-0.0049 

0.0968 

0.0970 

92.92 

0.3674 

0.4408 

0.5738 

50.19 

2.40 

-0.0002 

0.1011 

0.1011 

90.11 

0.3872 

0.4419 

0.5875 

48.77 

2.45 

0.0048 

0.1049 

0.1050 

87.37 

0.4066 

0.4419 

0.6005 

47.38 

2.50 

0.0100 

0.1082 

0.1087 

84.71 

0.4255 

0.4409 

0.6127 

46.02 

2.55 

0.0153 

0.1112 

0.1122 

82.14 

0.4437 

0.4391 

0.6242 

44.70 

2.60 

0.0208 

0.1137 

0.1156 

79.66 

0.4612 

0.4365 

0.6350 

43.42 

2.65 

0.0262 

0.1158 

0.1187 

77.28 

0.4781 

0.4332 

0.6451 

42.18 

2.70 

0.0316 

0.1175 

0.1217 

74.96 

0.4942 

0.4293 

0.6546 

40.98 

2.76 

0.0360 

0.1189 

0.1245 

72.75 

0.5005 

0.4249 

0.6635 

39.83 

2.80 

0.0422 

0.1109 

0.1271 

70.63 

0.5241 

0.4201 

0.6717 

38.71 

2.85 

0.0473 

0.1296 

68.60 

0.5380 

0.4150 

0.6795 

37.64 

2.00 

0.0523 

0.1211 

0.1319 

66.65 

0.6512 

0.4096 

0.6867 

36.62 

2.95 

0.0571 

0.1213 

0.1341 

64.79 

0.5637 

0.4040 

0.6935 

35.63 

3.00 

0.0618 

0.1213 

0.1361 

83.01 

0.5755 

0.3983 

0.6999 

34.69 

3.05 

0.0663 

0.1381 

61.31 

0.5867 

0.3924 

0.7058 

33.78 

3.10 

0.0706 

0.1206 

0.1399 

59.69 

0.5972 

0.3865 

0.7114 

32.91 

3.15 

0.0748 

0.1203 

0.1416 

58.13 

0.6072 

0.3806 

0.7167 

32.08 

3.20 

0.0787 

0.1196 

0.1432 

56.65 

0.6167 

0.3747 

0.7216 

31.28 

3.25 

0.0825 

0.1189 

0.1447 

55.23 

0.6257 

0.3688 

0.7263 

30.52 

3.30 

0.0862 

0.1181 

0.1462 

53.87 

0.6341 

0.3630 

0.7307 

29.79 

3.35 

0.0897 

0.1172 

0.1476 

52.58 

0.0422 

0.3573 

0.7349 

29.09 

3.40 

0.0030 

0.1162 

0.1489 

51.33 

0.6498 

0.3516 
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28.42 

3.45 

0.0962 

0.1152 

0.1501 

50.15 

0.6570 

0.3461 

0.7426 

27.78 

3.50 

0.0002 

0.1142 

0.1513 

49.01 

0.6639 

0.3406 

0.7462 

27.16 

3.55 

0.1022 

0.1131 

0.1524 

47.92 

0.6704 

0.3353 

0.7496 

26.57 

3.60 

0.1049 

0.1121 

0.1535 

40.88 

0.6766 

0.3301 

0.7528 

26.00 

3  *65 

0.1076 

0.1110 

0.1546 

45.88 

0.6825 

0.3250 

0.7559 

25.46 

3.70 

0.1102 

0.1099 

0.1556 

44.92 

0.6882 

0.3200 

0,7589 

24.94 

3.75 

0.1126 

0.1088 

0.1566 

44.00 

0.6935 

0.3152 

0.7618 

24.44 

3.80 

0.1150 

0.1077 

0.1575 

43.12 

0.6987 

0.3105 

0.7646 

23.96 

3.66 

0.1172 

0.1068 

0.1584 

42.27 

0.7036 

0.3059 

0.7672 

23.50 

3.90 

0.1194 

0.1055 

0.1593 

41.48 

0.7083 

0.3015 

0.7698 

23.05 

3.05 

0.1214 

0.1044 

0.1601 

40.68 

0.7129 

0.2971 

0.7723 

22.63 
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A-2S 


1.13&4 

1.1347 

1.133ft 

1.1331 

1.1324 

1.1318 

1.1308 

1.1300 

1.12ft2 

1.1284 

1.1276 

1.126ft 

1.1261 

1,1253 

1.1245 

1.1237 

1.122ft 

1.1222 

1.1214 

1.1206 

1.118ft 

1.1181 

1.1164 

1.1176 

1.1160 

1.1162 

1.1154 

1.1147 

1.1140 

1.1133 

1.1126 

1.1110 

1.1112 

1.1105 

1.1088 


-0.3660 

-0.3587 

-0.3517 

-0.3450 

-0.3385 

-0.3323 

-0.3263 

-0.3204 

-0.3148 

-0.3094 

-0.3042 

-0.2991 

-0.2942 

-0.2895 

-0.2849 

-0.2805 

-0.2761 

-0.2719 

-0.2679 

-0.2639 

-0.2601 

-0.2564 

-0.2527 

-0.2492 

-0.2458 

-0.2424 

-0.2392 

-0.2360 

-0.2329 

-0.2299 

-0.2269 

-0.2241 

-0.2212 

-0.2185 

-0.2158 

•0.2132 

-0.2107 

-0.2082 

-0.2057 

-0.2033 

-0.2010 

-0.1987 

-0.1964 

-0.1942 

-0.1921 

-0.1900 

-0.1879 

-0.1859 

-0.1839 

-0.1820 

-0.1801 

-0.1782 

-0.1764 

-o,n4r. 

-0.1728 

-0.1711 

-0.1694 

-0.1678 

-0.1661 

-0.1645 


0.9226 

0.9231 

0.9236 

0.9242 

0.9247 

0.9252 

0.9256 

0.9261 

0.9266 

0.9271 

0.9276 

0.9281 

0.9286 

0.9291 

0.9296 

0.9301 

0.9305 

0.9310 

0.9315 

0.9320 

0.9325 

0.9329 

0.9334 

0.9339 

0.9343 

0.9348 

0.9352 

0.9357 

0.9361 

0.9366 

0.9370 

0.9375 

0.8379 

0.9383 

0.9387 

0.9392 

0.9396 

0.9400 

0.9404 

0.9408 

0.9412 

0.9416 

0.9420 

0.9424 

0.9428 


0.8450 

0.9453 

0.9457 

0.9460 

0.9464 

0.9467 

0.9471 

0.9474 

0.8477 

0.9480 


0.9789 

0.9604 

0.9427 

0.9257 

0.9093 

0.8934 

0.8782 

0.8635 

0.6493 

0.8356 

0.8223 

0.8095 

0.7971 

0.7851 

0.7734 

0.7621 

0.7512 

0.7406 

0.7302 

0.7202 

0.7105 

0.7010 

0.6918 

0.6828 

0.6740 

0.6655 

0.6572 

0.6491 

0.6412 

0.6335 

0.6260 

0.6186 

0.6114 

0.6044 

0.5975 

0.5908 

0.5842 

0.5778 

0.6715 

0.5654 

0.5593 

0.5634 

0.5476 

0.5420 

0.5364 

0.5310 

0.5256 

0.5204 

0.5152 

0.5102 

0.5052 

0.5004 

0.4956 

0.4909 

0.4663 

0.4818 

0.4774 

0.4730 

0.4688 

0.4640 


0.3757 

0.3827 

0.3896 

0.3903 

0.4028 

0.4092 

0.4155 

0.4217 

0.4277 

0.4336 

0.4394 

0.4451 

0.4506 

0.4561 

0.4614 


0.4866 

0.4914 

0.4961 

0.5007 

0.5052 

0.5096 

0.5140 

0.5183 

0.5225 

0.5267 

0.5307 

0.5348 

0.5387 

0.5426 

0.5464 

0.5502 

0.5539 

0.5575 

0.5611 

0.5647 

0.5682 

0.5716 

0.5750 

0.5783 

0.5816 

0.5848 

0.5880 

0.5912 

0.5943 

0.5974 

0.6004 

0.6034 

0.6063 

0.6092 

0.6121 

0.6149 

0.6177 

0.6204 

0.6231 

0.6258 

0.6284 


0.8676 

0.8660 

0.8645 

0.8829 

0.8615 

0.8601 

0.8587 

0.8574 

0.8561 

0.8548 

0.8536 

0.8524 

0.8512 

0.8500 

0.8488 

0.8478 

0.8468 

0.8457 

0.8447 

0.8437 

0.8428 

0.8418 

0.8409 

0.8400 

0.8391 

0.8382 

0.8374 

0.8385 

0.8357 

0.8349 

0.8341 

0.8333 

0.8325 

0.8318 

0.8310 

0.8303 

0.8296 

0.8289 

0.8282 

0.8275 

0.8269 

0.8262 

0.8256 

0.8250 

0.8243 

0.8237 

0.8231 

0.8225 

0.8220 

0.8214 

0.8208 

0.8203 

0.8197 

0.8192 

0.8187 


-0.1033 

-0.1022 

r0.1012 

-0.1002 

-0.0992 

-0.0982 

-0.0972 

-0.0962 

-0.0953 

-0.0944 

-0.0935 

-0.0926 

-0.0917 

-0.0906 

-0.0900 

-0.0892 

-0.0884 

-0.0876 

-0.0868 

-0.0860 

.0853 

,0846 

.0838 

.0631 

-0.0824 


-0.0727 

-0.0721 

-0,0716 

-0.0711 

-0.0706 


0.0701 

0.0696 

0.0691 

0.0686 

0.0681 

0.0676 

0.0671 

0.0667 

0.0662 

0.0658 

0.0653 

0.0649 

0.0645 

0.0640 

0.0636 


htODUUJS 


0.8826 

0.8806 

0.8786 

0.8767 

0.8749 

0.8732 

0.8714 

0.8698 

0.8662 

0.8666 

0.8651 

0.8637 

0.8622 

0.8609 

0.8595 

0.8582 

0;8669 

0.8557 

0.8545 

0.8533 

0.8521 

0.8510 

0.8499 

0.8488 

0.8478 

0.8467 

0.8457 

0.8447 

0.8438 

0.8426 

0.8419 

0.8410 

0.8401 

0.8392 

0.8383 

0.8375 

0.8367 

0.8358 

0.8350 

0.8343 

0.8335 

0.8327 

0.8320 

0.8313 

0.8306 

0.8298 

0.8292 

0.8285 

0.8278 

0.8272 

0.8265 

0.8269 

0.8252 

0.8246 

0.8240 

0.8234 

0.8228 

0.8223 

0.8217 

0.8211 


toeatms) 


353.28 

353.33 
353.39 
353.44 

353.49 

353.54 

353.60 

353.65 
353.70 

353.75 

353.80 

363.85 

353.89 
353.94 
353.99 

354.04 

354.08 

354.13 
354.17 

354.21 

354.26 

354.30 

354.34 

354.38 

354.42 

354.46 

354.50 

354.54 
364.58 

354.61 

354.65 
354.69 
354.72 

354.76 

354.80 

354.83 

354.86 

354.90 
354.93 
364.97 

355.00 

355.03 

365.06 

356.09 

356.13 

355.16 

355.19 

355.22 
355.25 

355.28 

356.31 

865.34 

355.86 

366.39 

365.42 

355.46 
356.48 

355.50 
355.53 
355.56 
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A-24 


l*VFio 


0.12S4 

0.1254 

0,1272 

0.1290 

0.1307 

0.1324 

0.1340 

0.1355 

0.1371 

0.1385 

0.1399 

0.1413 

0.1426 

0.1439 

0.1452 

0.1464 

0.1476 

0.1488 

0:1500 

0,1511 

0.1522 

0.1532 

0.1543 

0.1553 

0.1563 

0.1572 

0.1582 

0.1591 

0.1600 

0.1609 


0.1618 


0.1033 

0.1022 

0.1012 

0.1002 

0.0992 


0.0727 

0.0721 

0.0716 

0.0711 

0.0706 

0.0701 

0.0696 

0.0691 

0.0686 

0.0681 


0. 

0. 

0. 
0.0636 


0.1610 

0.1618 

0.1626 

0.1633 

0.1641 


.1750 
0.1756 
0.1761 
0.1767 

0.1772 

0.1777 

0.1783 

0.1788 

0.1793 

0.1798 

0.1803 

0.1808 

0.1813 

0.1818 

0.1823 

0.1827 

0.1832 

0.1837 

0.1841 

0.1846 

0.1850 

0.18SS 

0.1859 

0.1863 

0.1868 

0.1872 

0.1876 

0.1880 

0.1884 

0.1888 

0.1892 

0.1896 

0.1900 

0.1903 


39.93 

39.20 

38.50 

37.83 

37.18 


31.34 

30.90 

30.48 

30.07 

29.66 


0.7172 

0.7214 

0.7254 

0.7293 

0.7330 

0.7366 

0.7401 

0.7435 

0.7466 

0.7500 

0.7531 

0.7561 

0.7590 

0.7618 

0.7646 

0.7673 

0.7699 

0.7724 

0.7749 

0.7774 

0.7708 

0.7821 

0.7844 

0.7866 

0.7888 

0. 
0.7930 
0.7951 
0.7971 
0.7091 

0.8010 

0.8029 

0.8048 

0.8066 

0.8084 

0.8102 

0.8119 

0.8138 

0.8152 

0.8169 

0.6185 

0.8201 

0.8216 

0.8232 

0.8247 

0.8261 

0.8276 

0.8290 

0.8304 

0.8318 

0.8332 

0.8345 

0.8358 

0.8371 

0.8364 


0.6396 


.2929 

.2888 

0.2848 

0.2810 

0.2772 


0.2567 

0.2537 

0.2506 

0.2477 

0.2448 

0.2420 

0.2393 


0.2220 

0.2197 

0.2175 

0.2153 

0.2132 

0.2111 

0.2091 


0.1891 

0.1875 

0.1859 

0.1843 

0.1827 

0.1812 

0.1797 

0.1782 

0.1768 

0.1754 

0.1739 

0.1726 

0.1712 

0.1699 

0.1585 


MODULUS 


0.7747 

0.7771 

0.7793 

0.7815 

0.7837 

0.7658 

0.7879 

0.7899 

0.7918 

0.7937 

'  0.7956 
0.7975 
0.7993 
0.8011 
0.8028 

0.8045 

0.8062 

0.8079 

0.8095 

0.8111 

0.8127 

0.8143 

0.8158 

0.8173 

0.8188 

0.8203 

0.8216 

0.'8232 

0.8246 

0.8260 

0.8274 

0.8287 

0.6300 

0.8313 

0.8326 

0.8339 

0.8352 

0.8364 

0.8377 

0.8389 

0.8401 

0.8412 

0.8424 

0.8435 

0.8447 

0.8458 

0.8469 

0.8480 

0.8490 

0.8501 

0.8511 

0.8522 

0.8532 

0.8542 

0.8552 

0,8561 

0.8571 

0.8580 

0.8590 

0.8599 


0.0 

or  -  0.50 
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BEAL 

MAG. 

X. 

X 

REAL 

MAG. 

MODULUS 

PHASE 

wamest 

7.00 

1.1059 

-0.1630 

0.9484 

0.4604 

0.6310 

0.8182 

-0.0632 

0,8206 

355.58 

7.06 

1 .1053 

-0.1614 

0.9487 

0.4564 

0.8336 

0.8176 

0.8200 

355.81 

7.10 

1.1046 

-0.1599 

0.9490 

0.4524 

0.6361 

0.8171 

-0.0624 

0.8105 

355.64 

7.16 

1.1040 

-0.1584 

0.9493 

0.4484 

0.6386 

0.8166 

0.8190 

355.66 

7.20 

1.1034 

-0.1569 

0.9496 

0.4446 

0.6411 

0.8162 

-0.0616 

0.8185 

355.69 

7.26 

1.1028 

-0.1555 

0.9499 

0.4408 

0.6435 

0.8157 

-0.0612 

0.8180 

355.71 

7.30 

1.1022 

-0.1541 

0.9502 

0.4371 

0.6459 

0.8152 

0.8175 

355.74 

7.35 

1.1016 

-0.1527 

0.9505 

0.4334 

0.6483 

0.8147 

-0.0604 

0.8170 

355.76 

7.40 

1.1010 

-0.1513 

0.9508 

0.4298 

0.6507 

0.8143 

0.8165 

355.78 

7.46 

1.1004 

-0.1500 

0.9511 

0.4262 

0.6530 

0.8138 

-0.0596 

0.8160 

355.81 

7.60 

1.0998 

-0.1487 

0.9514 

0.4227 

0.6553 

0.8134 

-0.0593 

0.8155 

355.83 

7.65 

1.0993 

-0.1474 

0.9517 

0.4193 

0.6575 

0.8129 

-0.0589 

0.8151 

355.86 

7.60 

1.0987 

-0.1461 

0.9519 

0.4159 

0.6597 

0.8125 

-0.0585 

0.8146 

355.88 

7.65 

1.0081 

-0.1448 

0.9522 

0.4126 

0.6620 

0.8121 

-0.0582 

0.8141 

355.90 

7.70 

1.0976 

-0.1436 

0.9525 

0.4003 

0.6641 

0.8116 

-0.0578 

0.8137 

855.92 

7.75 

1.0970 

-0.1424 

0.9528 

0.4061 

0.6663 

0.8112 

-0.0575 

0.8133 

355.95 

7.80 

1.0065 

-0.1412 

0.9530 

0.4029 

0.6684 

0.8108 

-0.0571 

0.8128 

355.97 

7.85 

1.0060 

-0.1400 

0.9533 

0.3997 

0.6705 

0.8104 

-0.0568 

0.8124 

355.99 

7.90 

1.0054 

-0.1389 

0.9535 

0.3066 

0.6726 

0.8100 

-0.0565 

0.8120 

356.01 

7.95 

1.0949 

-0.1377 

0.9538 

0.3936 

0.6746 

0.8096 

-0.0561 

0.8116 

356.03 

8.00 

1.0944 

-0.1366 

0.9541 

0.3906 

0.6766 

0.8092 

-0.0558 

0.8112 

356.06 

8.05 

1.0938 

-0.1355 

0.9543 

0.3877 

0.6786 

0.8088 

-0.0555 

0.8107 

356.08 

8.10 

1.0033 

-0.1344 

0.9546 

0.3848 

0.6806 

0.8085 

-0.0552 

0.8103 

866.10 

8.15 

1,0028 

-0.1333 

0.9548 

0.3819 

0.6826 

0.8081 

-0.0548 

0.8100 

356.12 

8.20 

1.0923 

-0.1323 

0.9551 

0.3791 

0.8845 

0.8077 

-0.0545 

0.8096 

856.14 

8.25 

1.0018 

-0.1312 

0.9553 

0.3763 

0.6864 

0.8074 

-0.0542 

0.8092 

356.16 

8.30 

1.0913 

-0.1302 

0.9555 

0.3736 

0.6883 

0.8070 

-0.0530 

0.8088 

356.18 

8.35 

1.0008 

-0.1292 

0.9558 

0.3708 

0.6901 

0.8068 

-0.0536 

0.8084 

356.20 

8.40 

1.0904 

-0.1282 

0.9560 

0.3682 

0.6920 

0.8063 

-0.0533 

0.8081 

356.22 

8.45 

1.0899 

-0.1272 

0.9563 

0.3656 

0.6938 

0.8059 

-0.0530 

0.8077 

356.24 

8.50 

1.0894 

-0.1263 

0.9565 

0.3630 

0.8056 

-0.0527 

0.8073 

356.26 

8.55 

1.0889 

-0.1253 

0.9567 

0.3604 

'  r  '.U 

0.8053 

-0.0524 

0.8070 

356.28 

8.60 

1.0885 

-0.1244 

0.9569 

0.3579 

■•N- '  ■  iH 

0.8049 

-0.0521 

0.8066 

356.30 

8.65 

1.0880 

-0.1235 

0.9572 

0.3554 

I'rj  *  '  '1 

0.8046 

-0.0518 

0.8063 

356.31 

8.70 

1.0875 

-0.1226 

0.9574 

0.3530 

0.8043 

-0.0516 

0.8059 

356.33 

8.75 

1.0871 

-0.1217 

0.9576 

0.3505 

0.8040 

-0.0513 

0.8056 

356.35 

8.80 

1.0866 

-0.1208 

0.9578 

0.3482 

■  lUllMlI 

0.8036 

-0.0510 

0.8053 

356.37 

8.85 

1.0862 

-0.1199 

0.9580 

0.3458 

0.7077 

0.8033 

-0.0507 

0.8049 

856.39 

8.90 

1.0858 

-0.1191 

0.9583 

0.3435 

0.7093 

0.8030 

-0.0505 

0.8046 

356.41 

8.95 

1.0853 

-0.1182 

0.9585 

0,3412 

0.7109 

0.8027 

-0.0502 

0.8043 

856.42 

9.00 

1.0849 

-0.1174 

0.9587 

0.3389 

0.7125 

0.8024 

-0.0499 

0.8040 

356.44 

9.05 

1.0845 

-0.1166 

0.9589 

0.3367 

0.7141 

0.8021 

-0.0497 

0.8036 

356.46 

9.10 

-0.1157 

0.9591 

0.3345 

0.7157 

0.8018 

-0.0494 

0.8033 

356.47 

9.15 

1.0836 

-0.1149 

0.9593 

0.3323 

0.7173 

0.8015 

-0.0401 

356.49 

9.20 

1.0832 

-0.1142 

0.9595 

0.3302 

0.7188 

0.8012 

-0.0489 

0.8027 

356,51 

9.25 

-0.1134 

0.9597 

0.3280 

It  ' '1 

0.8009 

-0.0486 

0.8024 

356.58 

9.30 

-0.1126 

0.9599 

0.3259 

V  C'  ' 

0.8007 

-0.0484 

0.8021 

356.54 

9.35 

1.0820 

-0.1118 

0.9601 

0.3239 

't'  C  ;  sfl 

0.8004 

-0.0481 

0.8018 

356.56 

9.40 

1.0816 

-O.llll 

0.9603 

0.3218 

0.8001 

-0.0479 

0.8015 

356.57 

9.45 

1.0812 

-0.1104 

0.9605 

0.3198 

0.799b 

-0.0476 

0.8013 

356.59 

9.50 

njiLi 

0.9607 

0.3178 

0.7277 

0.7996 

-0.0474 

0.8010 

356.61 

9.55 

Dlil 

0.3159 

0.7292 

0.7993 

-0.0472 

0.8007 

356.62 

9.60 

Dill 

EE  Id 

0.3139 

0.7306 

0.7090 

-0.0469 

0.8004 

356.64 

9.65 

1.0796 

-0.1075 

0.9612 

0.3120 

0.7320 

0.7988 

-0.0467 

mwmm 

356.65 

9.70 

1.0793 

-0.1068 

0.9614 

0.3101 

0.7334 

0.7985 

-0.0465 

0.7999 

356.67 

9.75 

1.0789 

-0.1061 

0.9616 

0.3082 

0.7346 

0.7983 

-0.0462 

0.7996 

356.68 

9.80 

1.0785 

-0.1054 

0.9618 

0.3064 

wmm 

0.7980 

-0.0460 

0.7993 

356.70 

9.85 

1.0781 

-0.1048 

0.9620 

0.3045 

EKkrd 

0.7978 

-0.0458 

0.7991 

366.71 

9.90 

1.0778 

-0.1041 

0.9621 

0.3027 

0.7388 

0.7975 

-0.0456 

0.7988 

356.73 

9.05 

1.0774 

0.9623 

0.3009 

0.7401 

0.7973 

-0.0454 

0.7985 

356.74 

10.00 

1.0770 

-0.1028 

0.9625 

0.2992 

0.7414 

0.7970 

-0.0451 

0.7983 

356.76 
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818 
824 
829 
0.1834 
0.1838 

0.1843 

0.1848 

0.1853 

0.1857 

0.1862 

0.1866 

0.1871 

0.1875 

0.1879 

0.1884 


908 
912 
0.1915 
0.1919 
0.1923 

0.1926 

0.1930 

0.1934 

0.1937 

0.1941 

0.1944 

0.1947 

0.1951 

0.1954 

0.1957 

0.1960 

0.1964 

0.1967 

0.1970 

0.1973 

0.1976 

0.1979 

0.1982 

0.1985 

0.1988 

0.1991 

0.1993 

0.1996 

0.1999 

0.2002 

0.2004 

0.2007 

0.2010 

0.2012 

0.2015 

0.2017 

0.2020 

0.2022 

0.2025 

0.2027 

0.2030 


0.0632 

0.0628 

0.0624 

0.0620 

0.0616 

0.0612 

0.0608 

0.0604 

0.0600 

0.0596 

0.0593 

0.0589 

0.0565 

0.0582 

0.0578 

0.0575 

0.0571 

0.0568 

0.0565 

0.0561 

0.0558 

O.OSSS 

0.0552 

0.0548 

0.0545 

0.0542 

0.0539 

0.0536 

0.0533 

0.0530 

0.0527 

0.0524 

0.0521 

0.0518 

0.0516 

0.0513 

0.0510 


0. 

0. 

0. 

0.0476 


0.1958 

0.1961 

0.1964 

0.1967 

0.1970 


0,1986 

0.1990 

0.1993 

0.1996 

0.1999 


0.2026 

0.2029 

0.2031 

0.2033 

0.2036 

0.2038 

0.2040 

0.2042 

0.2045 

0.2047 


0.8456 

0.8468 

0.8479 

0.8490 

0.8501 

0.8512 

0.8522 

0.8533 

0.8543 

0.8553 

0.8563 

0.8573 

0.8583 

0.8592 

0.8602 

0.8611 

0.8620 

0.8629 

0.8638 

0.8647 

0.8656 

0.8664 

0.8673 

0.8681 

0.8690 

0.8698 

0.8706 

0.8714 

0.8722 

0.8720 

0.8737 

0.6745 

0.6752 

0.8760 

0.8767 

0.8774 

0.6781 

0.8788 

0.8795 

0.8g02 

0.6809 

0.8816 

0.8822 

0.8629 

0.8635 

0.8842 

0.8848 

0.8655 

0.8661 

0.8867 

0.8873 

0.8879 

0.8885 

0.8891 

0.8897 

0.8903 

0.8908 

0.8914 

0.8919 

0.8925 

0.8930 


0.1610 
598 
586 
575 
.1563 


0.1498 
0.1488 
0.1477 
467 
457 

448 
436 
428 
0.1419 
0.1410 


356 
0.1348 
0.1339 
0.1331 
0.1323 

0.1314 
0.1306 
0.1299 
291 
283 

0.1275 

0.1268 

0.1260 

0.1253 

0.1246 

0.1238 

0.1231 

0.1224 

0.1217 

0.1210 

0.1204 

0.1197 

0.1190 

0.1164 

0.1177 

0.1171 

0. 

0. 

0. 


0.8693 

0.8701 

0.8709 

0.8717 

0,8724 

0.8732 

0.8739 

0.8747 

0.8754 

0.8761 


0.8796 

0.8803 

0.8810 

0.8816 

0.8823 

0.8829 

0.8835 

0.8842 

0.8848 

0.6854 

0.6860 

0.8866 

0.8872 

0.8878 

0.8884 

0.8890 

0.8896 

0.8901 

0.8907 

0.8913 

0.8918 

0.8923 

0.8929 

0.8934 

0.8940 

0.8945 

0.8950 

0.8955 

0.8960 

0.8965 

0.8970 

0.8975 

0.8980 

0.8985 

0.8990 

0.8994 

0.8999 
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<r  -  0.00 


1 .2278 
1.2280 
1.2283 
1.2286 
1.2200 

1.2294 

1.2298 

1.2303 

1.2309 

1.2315 

1.2322 
1 .2329 
1.2337 
1.2345 
1 .2354 

1.2364 
1.2375 
1 .2386 
1.2398 
1.2410 

1 .2423 
1.2437 
1.2451 
1.2465 
1 .2480 

1 .2405 
1.2510 
1 .2526 
1.2542 
1.2557 

1.2573 
1.2588 
1.2603 
1 .2618 
1.2632 

1 .2645 
1.2658 
1.2671 
1.2682 
1.2603 

1.2703 
1 .2712 
1 .2720 
1.2727 
1.2733 

1.2738 

1 .2742 

1 .2745 

1.2747 

1.2748 

1 .2748 
1 .2747 

1.2746 

1 .2743 

1.2739 

1.2735 

1.2730 

1.2724 

1.2717 

1.2710 


-9.0044 

-9.0641 

-8.2577 

-7.5541 

-6.9365 

-6.3015 

-5.0080 

-5.4772 

-5.0917 

-4.7452 

-4.4328 

-4.1501 

-3.8035 

-3.6508 

-3.4464 

-3.2510 

-3.0717 

-2.9067 

-2.7546 

-2.6141 

•2.4841 
-2 .3635 
•2.2515 
•2.1473 
-2.0503 

-1.9597 

-1.8751 

-1.7060 

•1.7219 

-1.6525 

-1.5873 
•1.5261 
-1.4686 
-1.4145 
-1 .3635 

-1.3154 

-1.2701 

-1.2273 

-1.1869 

-1.1486 

-1.1125 
-1 .0782 
-1 .0458 
-1.0160 
-0.9858 

-0.9581 

-0.9317 

-0.9066 

-0.8828 

-0.8601 

-0.8384 

-0.8177 

-0.7980 

-0.7792 

-0.7612 

-0.7440 

-0.7275 

-0.7117 

-0.6966 

-0.6821 


0.4208 

0.4391 

0.4570 

0.4745 

0.4917 

0.5084 

0.5247 

0.5406 

0.5560 

0.5710 

0.5866 

0.5996 

0.6133 

0.6264 

0.6391 

0.6513 

0.6631 

0.6743 

0.6851 

0.6955 

0.7054 

0.7148 

0.7238 

0.7323 

0.7404 

0.7481 

0.7554 

0.7622 

0.7687 

0.7748 

0.7806 


0.8046 

0.8086 

0.8123 

0.8158 

0.8191 

0.8222 

0.8251 

0.8278 

0.8304 

0.8328 

0.8351 

0.8373 

0.8394 

0.8414 

0.8433 

0.8451 

0.8468 

0.8484 

0.8500 

0.8516 

0.8530 

0.8545 

0.8559 

0.8572 

0.8585 


5.5585 

5.4893 

5.4177 

5.3438 

5.2678 

5.1898 

5.1099 

5.0284 

4.9452 

4.8607 

4.7749 

4.6880 

4.6002 

4.5116 

4.4223 

4.3326 

4.2426 

4.1525 

4.0624 

3.9724 

3.8828 

3.7938 

3.7053 

3.6177 

3.5311 

3.4455 

3.3612 

3.2783 

3.1868 

3.1169 

3.0387 

2.9622 

2.8876 

2.8149 

2.7442 

.2.6755 

2.6088 

2.5441 

2.4815 

2^4209 

2.3624 
2 .3059 
2.2513 
2.1987 
2.1480 

2.0992 
2.0521 
2.0069 
1 .9633 
1.9213 

1.8810 
1 .8421 
1.8047 
1.7688 
1 .7341 

1.7008 

.6687 

.6378 

.6080 

.5793 


{  X 


WSSSSM] 


I  0.0084 
0.0092 
I  0.0100 
0.0110 
0.0120 

0.0131 

0.0144 

0.0157 

0.0172 

0.0188 

0.0206 

0.0225 

0.0246 

0.0268 

0.0293 

0.0319 

0.0347 

0.0377 

0.0409 

0.0443 

0.0479 

0.0517 

0.0557 

0.0599 

0.0643 

0.0689 

0.0736 

0.0785 

0.0836 

0.0888 

0.0942 

0.0997 

0.1053 

0.1109 

0.1167 

0.1226 

0.1285 

0.1344 

0.1404 

0.1464 

0.1524 

0.1585 

0.1645 

0.1705 

0.1766 

0.1825 

0.1885 

0.1944 

0.2003 

0.2061 


1.0053 

1.0064 

1.0077 

1.0091 

1.0107 


1.0190 

1.0215 

1.0243 
1.0272 
1 .0303 
1.0335 
1.0369 

1.0405 

1.0441 

1.0478 

1.0516 

1.0555 

1.0593 

1.0631 

1.0668 

1.0704 

1.0740 


.0993 
.1002 
.1009 
.1014 

1.1017 

1.1018 

1.1018 
1.1017 
1.1014 
1.1010 

1.1005 

1.1000 

1.0994 

1.0987 

1.0979 

1 .0971 
1.0963 
1.0955 
1.0946 
1.0938 

1.0929 

1.0920 

1.0911 

1.0902 

1.0893 


0.0241 

0.0263 

0.0286 

0.0310 

0.0333 

0.0357 

0.0380 

0.0403 

0.0425 

0.0446 

0.0466 

0.0485 

0.0503 

0.0518 

0.0531 

0.0543 

0.0551 

0.0558 

0.0561 

0.0562 

0.0580 

0.0555 

0.0547 

0.0536 

0.0523 

0.0507 

0.0489 

0.0469 

0.0447 

0.0423 

0.0398 

0.0372 

0.0345 

0.0318 

0.0290 

0.0262 

0.0234 

0.0207 

0.0180 

0.0154 

0.0129 

0.0105 

0.0081 

0.0059 

0.0037 

0.0017 

-0.0003 

-0.0021 

-0.0038 

■0.0055 

-0.0070 

-0.0085 

■0.0098 

.0111 

.0123 

.0134 
-0.0 
-0.0 
-0.0 
.0172 


1.0131 

.0152 

.0174 

.0199 

1.0225 


1.0608 

.0645 

.0682 

.0718 

.0752 


1.1014 

1.1010 

1.1005 


1 .0987 
1.0979 

.0972 

.0964 

.0955 

.0947 

1.0938 


0.09 

359.99 

359.89 

359.80 

359.71 

359.63 

359.56 

359.49 

359.42 

359.36 

359.30 

359.24 

359.19 

359.14 

359.09 
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<r»  0.00 


0.1026 

0.1024 

0.1020 

0.1016 

0.1011 

0.1006 

0.1000 

0.0994 

0.0987 

0.0981 

0.0974 

0.0987 

0.0960 

0.0953 

0.0946 

0.0938 

0.0931 

0.0924 

0.0917 

0.0909 


257 .68 
256.32 
255.00 
253.63 

252.20 

250.71 

249.18 

247.59' 

245.95 

244.26 

242.53 

240.76 

238.94 

237.09 

235.20 

233.29 

231.34 

229.37 

227.38 

225.38 

223.36 

221.34 


1^ 


215.27 

213.26 

211.27 

209.31 
207.36 

205.45 

203.57 

201.73 

199.92 

198.16 

196.45 

194.78 

193.17 
191.60 
190.09 
188.63 

187.22 

185.86 
184.56 

183.31 
182.11 

180.95 

179.85 

178.79 

177.77 

176.80 

175.87 
174.98 
174.13 

173.31 
172.53 

171.78 


0.0449 

0.0512 

0.0582 

0.0658 

0.0740 

0.0828 

0.0922 

0.1022 

0.1128 

0.1241 

0.1359 

0.1482 

0.1610 

0.1744 

0.1861 

0.2022 

0.2166 

0.2313 

0.2462 

0.2613 

0.2764 

0.2915 

0.3066 

0.3216 

0.3365 

0.3512 

0.3656 

0.3798 

0.3937 

0.4072 

0.4204 

0.4331 

0.4455 

0.4575 

0.4691 

0.4803 

0.4910 

0.5014 

0.5114 

0.5210 

0.5302 

0.5391 

0.5476 

0.5558 

0.5636 

0.5712 

0.5784 

0.5854 

0.5922 

0.5986 

0.6049 

0.6109 


0.0986 

0.1083 

0.1185 

0.1290 

0.1398 

0.1509 

0.1622 

0.1738 

0.1856 

0.1974 

0.2094 

0.2214 

0.2334 

0.2453 

0.2571 

0.2687 

0.2801 

0.2912 

0.3019 

0.3122 

0.3220 

0.3314 

0.3401 

0.3483 

0.3559 

0.3628 

0.3690 

0.3746 

0.3795 

0.3836 

0.3871 

0.3900 

0.3921 

0.3937 

0.3947 

0.3951 

0.3950 

0.3944 

0.3934 

0.3920 

0.3002 

0.3881 

0.3857 

0.3830 

0,3802 

0,3771 

0,3739 

0.3706 

0.3672 

0.3637 

0.3601 

0.3565 

0.3529 

0.3403 

0.3456 

0.3420 

0.3384 

0,3348 

0.3313 

0.3278 


0.1536 

0.1657 

0.1781 

0.1909 

0.2040 

.2173 
.2310 
.2448 
0.2589 
0.2731 

0.2875 

0.3020 

0.3165 

0.3310 

0.3456 

0.3600 

0.3744 

0.3887 

0.4028 

0.4166 

0.4303 

0.4436 

0.4567 

0.4694 

0.4818 

6.4938 

0.5055 

0.5167 

0.5276 

0.5380 

0.5481 

0,5577 

0.5669 

0.5757 

0.5842 

0.5922 

0.5999 

0.6073 

0.6143 

0.6210 

0.6274 

0.6335 

0.6394 

0.6449 

0.6503 

0.6554 

0.6603 

0.6650 

0.6695 

0.6738 

0.6780 

0.6820 

0.6859 

0.6896 

0.6933 


33.33 

32.68 

32.05 

31.44 

30.86 
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1.2524 
1 .2509 
1 .2405 
1 .2480 
1 .2465 

1.2450 
1.24SS 
1 .2420 
1.2405 
1.2300 


.2153 

.2139 

.2125 

1.2111 

1.2097 

1.2084 
1 .2070 


1.2018 
1 .2005 
1.1992 
1.1079 
1.1967 

1.1955 

1.1942 

1.1030 

1.1918 

1.1007 


-0.6681 

-0.6547 

-0.6419 

-0.6295 

-0.6176 

-0.6061 

-0.5950 

-0.5843 

-0.5740 

-0.5641 

-0.5545 

-0.5452 

-0.5362 

•0.5275 

-0.5191 

-0.5109 

-0.5030 

-0.4953 

-0.4878 

-0.4806 

-0.4735 

-0.4667 

•0.4600 

•0.4536 

-0.4473 

-0.4411 

-0.4352 

-0.4293 

-0.4237 

-0.4181 

-0.4127 

-0.4074 

-0.4023 

-0.3973 

-0.3924 

-0.3876 

-0.3829 

-0.3783 

-0.3738 

-0.3694 

-0.3651 

-0.3609 

-0.3568 

-0.3528 

-0.3489 

-0.3450 

-0.3412 

-0.3375 

-0.3339 

-0.3304 

-0.3269 

-0.3235 

-0.3201 

-0.3168 

-0.3136 

-0.3105 

-0.3074 

-0.3043 

-0.3013 

-0.2984 


0.8598 

0.8610 

0.8623 

0.8635 

0.8646 

0.8658 

0.8669 

0.8680 

0.8691 

0.8701 


1.5517 

1.5250 

1.4992 

1.4744 

1.4504 


0.8896 

0.8904 

0.8912 

0.8920 

0.8928 

0.8935 

0.8943 

0.8951 

0.8958 

0.8965 

0.8973 

0.8980 

0.8987 

0.8994 

0.9001 

0.9007 

0.9014 

0.9021 

0.9027 

0.9034 

0.9040 

0.9047 

0.9053 

0.9059 

0.9005 


1 .0864 
1.0738 
1.0614 
1.0494 
1.0376 

1.0261 

1.0148 

1.0038 

0.9930 

0.9824 

0.9721 

0.9620 

0.9521 

0.9424 

0.9328 

0.9235 

0.9143 

0.9054 

0.8966 

0.8679 

0.8794 

0.8711 

0.8629 

0.8549 

0.8470 

0.8393 

0.8317 

0.8242 

0.8169 

0.8096 


0.2119 

0.2176 

0.2233 

0.2289 

0.2345 

0.2400 

0.2454 

0.2508 

0.2561 

0.2614 

0.2666 

0.2717 

0.2768 

0.2818 

0.2867 

0.2916 

0.2965 

0.3012 

0.3059 

0.3106 

0.3152 

0.3197 

0.3242 

0.3287 

0.3331 

0.3374 

0.3417 

0.3460 

0.3502 

0.3543 

0.3584 

0.3625 

0.3665 

0.3705 

0.3744 

0.3783 

0.3621 

0.3859 

0.3897 

0.3934 

0.3971 

0.4008 

0.4044 

0.4080 

0.4115 

0.4150 

0.4185 

0.4219 

0.4253 

0.4287 


0. 

0. 
0.4418 
0.4450 

0.4482 

0.4513 

0.4544 

0.4575 

0.4606 


.0884 

.0875 

.0867 

1.0858 

1.0850 


.0801 
.0794 
.0786 
1 .0779 
1.0772 

1.0765 
1 .0758 
1.0751 
1 .0744 
1.0737 


1.0711 

1.0705 


1 .0670 
1.0665 
1.0659 
1.0654 
1.0648 

1.0643 

1.0638 

1.0633 

1.0628 

1.0623 

1.0618 
1.0613 
1 .0608 
1 .0604 
1.0599 

1 .0594 
1.0590 
1 .0586 
1.0581 
1.0577 

1.0573 

1.0568 

1.0564 

1.0560 

1.0556 

1.0552 
1.0548 
1.0544 
1 .0540 
1.0537 


-0.0180 

-0.0188 

-0.0195 

-0.0202 

-0.0208 

-0.0214 

-0.0219 

-0.0224 

-0.0229 

-0.0234 

-0.0238 

-0.0242 

-0.0246 

-0.0249 

-0.0253 

-0.0256 

-0.0259 

-0.0261 

-0.0264 

-0.0267 

-0.0269 

-0.0271 

-0.0273 

-0.0275 

-0.0277 

-0,0278 

-0.0280 

-0.0281 

-0.0283 

-0.0284 

-0.0285 

-0.0286 

-0.0287 

-0.0288 

-0.0289 

-0.0290 

-0.0291 

-0.0291 

-0.0292 

-0.0292 

-0.0293 

-0.0293 

-0.0294 

-0.0294 

-0.0294 

-0.0294 

-0.0295 

-0.0295 

-0.0295 

-0.0295 

-0.0295 

-0.0295 

-0.0295 

-0.0295 

-0.0295 

-0.0295 

-0.0294 

-0.0294 

-0.0294 

-0.0294 


1 .0740 

1 .0734 
1 .0728 
1.0721 
1.0715 
1.0709 


1.0647 
1.0642 
1 .0637 
1.0632 
I .0627 

1.0622 
1.0617 
1.0612 
1 .0808 
1 .0603 

1.0599 
1.0594 
1.0590 
1.0585 
1 .0581 

1 .0577 
I .0572 
1.0568 
1.0564 
1.0560 

.0556 

.0552 

.0548 

1.0544 

1.0541 


359.05 

359.01 

358.97 

358.94 

358.90 

358.87 

358.84 

358.81 

358.79 

358.76 

358.74 

358.72 

358.69 

358.67 

358.66 

358.64 

358.62 

358.61 

358.59 

358.58 

358.56 

358.55 

358.54 

358.53 

358.52 

358.51 

358.50 

358.49 

358.48 

358.48 

358.47 

358.46 

358.46 

358.45 

358.45 

358.44 

358.44 

358.43 

358.43 

358.42 

358.42 

358.42 

358.41 

358.41 

358.41 

358.41 

358.41 

358.40 

358.40 

358.40. 

358.40 

358.40 

358.40 

358.40 

358.40 

358.40 

358.40 

358.40 

358.40 

358.40 


WADC  TR  56-614 


A-30 


a-a  0.00 


-0.0884 

-0.0875 

-0.0867 

-0.0858 

-0.0850 

-0.0841 

-0.0833 

-0.0825 

-0.0817 

-0.0809 

-0.0801 

-0.0794 

-0.0786 

-0.0779 

-0.0772 

-0.0765 

-0.0758 

-0.0751 

-0.0744 

-0.0737 

-0.0731 

-0.0724 


-0.0618 

-0.0613 

.0.0608 

-0.0604 

-0.0599 

-0.0594 

-0.0590 

-0.0566 

-0.0581 

-0.0577 

-0.0573 

-0.0568 

-0.0564 

-0.0560 

-0.0556 

-0.0552 

-0.0548 

-0.0544 

-0.0540 

-0.0537 


0.0180 

0.0188 

0.0195 

0.0202 

0.0208 

0.0214 

0.0219 

0.0224 

0.0229 

0.0234 

0.0238 

0.0242 

0.0246 

0.0249 

0.0253 

0.0256 

0.0259 

0.0261 

0.0264 

0.0267 

0.0269 

0.0271 

0.0273 

0.0275 

0.0277 

0.0278 

0.0280 

0.0281 

0.0283 

0.0264 

0.0285 

0.0286 

0.0287 

0.0288 

0.0289 

0.0290 

0.0291 

0.0291 

0.0292 

0.0292 

0.0293 

0.0293 

0.0294 

0.0294 

0.0294 

0.0294 

0.0295 

0.0295 

0.0295 

0.0295 

0.0295 

0.0295 

0.0295 

0.0295 

0.0295 

0.0295 

0.0294 

0.0294 

0.0294 

0.0294 


0.0902 

0.0895 

0.0888 

0.0882 

0.0875 

0.0808 

0.0862 

0.0855 

0.0849 

0.0842 

0.0836 

0.0830 

0.0824 

0.0818 

0.0812 

0.0806 

0.0801 

0.0795 

0.0789 

0.0784 

0.0778 

0.0773 

0.0768 

0.0763 

0.0758 

0.0753 

0.0748 

0.0743 

0.0738 

0.0733 

0.0728 

0.0724 

0.0719 

0.0714 

0.0710 

0.0705 

0.0701 

0.0697 

0.0692 

0.0688 

0.0684 

0.0680 

0.0676 

0.0671 

0.0667 

0.0663 

0.0659 

0.0656 

0.0652 

0.0648 

0.0644 

0.0640 

0.0637 

0.0603 

0.0629 

0.0626 

0.0822 

0.0819 

0.0615 

0.0612 


168.47 

167.88 

167 .32 

166.77 

166.25 

165.74 

165.25 

164.78 

164.33 

163.88 

163.46 

163.04 

162.64 

162.25 
161.87 

161.50 

161.14 

160.79 

160.45 
160.12 


158.88 

158.58 

158.29 
158.01 

157.74 
157.47 

157.21 

156.95 

156.70 

156.45 

158.21 
155.97 

155.74 
155.51 

155.29 
155.07 
154.86 

154.65 
154.44 

154.24 
154.04 
153.84 

153.65 

153.46 
153.28 
153.10 

152.92 

152.74 
152.57 
152.40 

152.24 
152.08 

151.92 
151.76 

51.61 

51 .45 
51.31 


0.6428 

0.6476 

0.6522 

0.6566 

0.6610 

.6652 
0.6693 
0.6732 
.6771 
0.6809 

0.6846 

0.6882 

0.6917 

0.6951 

0.6984 

0.7017 

0.7049 

0.7080 

0.7111 

0.7141 


0.7433 

0.7457 

0.7480 

0.7503 

0.7525 

0.7547 

0.7569 

0.7590 

0.7611 

0.7632 


0. 

0. 

0. 

0.7729 


0.7784 

0.7802 

0.7819 


0.3176 

0,3143 

0.3111 

0.3079 

0.3048 

0.3017 

0.2987 

0.2958 

0.2929 

0.2901 

0.2873 

0.2846 

0.2819 

0.2793 

0.2767 

0.2742 

0.2717 

0.2693 

0.2669 

0.2645 

0.2622 

0.2600 

0.2578 

0.2556 

0.2534 

0.2513 

0.2493 

0.2472 

0.2452 

0.2432 

0.2413 

0.2394 

0.2375 

0.2356 

0.2338 

0.2320 

0.2302 

0.2285 

0.2268 

0.2251 

0.2234 

0.2217 

0.2201 

0.2185 

0.2169 

0.2153 

0.2138 

0.2123 

0.2107 

0.2093 

0.2078 

0.2063 

0.2049 

0.2035 

0.2021 

0.2007 

0.1994 

0.1980 


27.74 

27.28 

26.84 

26.41 

26.00 


0.7128 

0. 

0.7186 

0. 

0. 


0.7798 

0.7815 

0.7831 

0.7848 

0.7864 

0.7880 

0.7898 

0.7912 

0.7927 

0.7943 

0.7958 

0.7972 

0.7987 

0.8001 

0.8015 

0.8029 

0.8043 

0.8057 

0.8070 

0.8083 

0.8096 

0.8109 

0.8122 

0.8134 

0.8147 


WADC  TR  56-614 


A-31 


er  ~  0.00 


/i£AL 

IMAG. 

1.1805 

-0.2955 

1.1883 

-0.2927 

1.1872 

-0.2899 

1.1861 

-0.2872 

1.1849 

-0.2845 

■ 

-0.2819 

-0.2793 

-0.2767 

1.1806 

-0,2743 

1.1795 

-0.2718 

1.1784 

-0.2694 

1.1774 

-0.2670 

1.1764 

-0.2647 

1.1754 

-0.2624 

1.1743 

-0.2601 

1.1733 

-0.2579 

1.1724 

-0.2557 

1.1714 

-0.2536 

1.1704 

-0.2515 

1.1695 

-0.2494 

m 

-0.2473 

-0.2453 

-0.2433 

1.1657 

-0.2414 

1.1648 

-0.2394 

l'.1639 

-0.2376 

1.1630 

-0.2357 

1.1621 

-0.2338 

1.1613 

-0.2320 

1.1604 

-0.2303 

1.1595 

-0.2285 

1.1587 

-0.2268 

1.1578 

-0.2251 

1.1670 

-0.2234 

1.1562 

-0.2217 

1.1554 

-0.2201 

1.1546 

-0.2185 

1.1538 

-0.2169 

1.1530 

-0.2153 

1.1522 

-0.2138 

1.1514 

-0.2122 

1.1506 

-0.2107 

1.1499 

-0.2093 

1.1491 

-0.2078 

1.1484 

-0.2064 

1.1476 

-0.2049 

1.1469 

-0.2035 

1.1462 

-0.2021 

1.1454 

-0.2008 

1.1447 

-0.1994 

1.1440 

1.1433 

1.1426 

E:  [l:] 

1.1419 

-0.1942 

1.1413 

-0.1929 

1.1406 

-0.1917 

1.1399 

-0.1904 

1.1392 

-0.1892 

1.1386 

-0.1880 

1.1379 

-0.1868 

1.1373  1 

-0.1856 

0.9100 

0.9106 


0.9127 

0.9133 

0.9138 

0.9143 

0.9148 

0.9153 

0.9158 

0.9163 

0.9168 

0.9172 

0.9177 

0.9182 

0.9187 

0.9191 

0.9196 

0.9200 

0.9205 

0.9209 

0.9213 

0.9218 

0.0222 

0.9226 

0.9230 

0.9234 

0.9236 

0.9242 

0.9246 

0.9250 

0.9254 

0.9256 

0.9262 

0.9266 

0.9269 

0.9273 

0.9277 

0.9280 

0.9284 

0.9288 

0.9291 

0.9295 

0.9298 

0.9301 

0.9305 

0.9308 

0.9311 

0.9315 

0.9318 

0.9321 

0.9324 

0.9328 

0.9331 

0.9334 

0.9337 

0.9340 

0.9343 


0.7377 

0.7318 

0.7260 

0.7202 

0.7146 

0.7090 

0.7035 

0.6981 

0.6028 

0.6876 

0.6824 

0.6773 

0.6723 

0.6673 

0.6625 

0.6577 

0.6529 

0.6483 

0.6437 

0.6391 

0.6347 

0.6302 

0.6259 

0.6216 

0.6174 

0.6132 

0.6091 

0.6050 

0.6010 

0.5970 

0.5931 

0.5892 

0.5854 

0.5816 

0.5779 

0.5743 

0.5706 

0.5671 

0.5635 

0.5600 

0.5566 

0.5532 

0.5498 

0.5465 

0.5432 

0.5399 

0.5367 

0.5336 

0.5304 

0.5273 

0.5243 

0.5212 

0.5182 

0.5153 

0.5123 


0.4636 

0.4666 

0.4695 

0.4724 

0.4753 

0.4782 

0.4810 

0.4839 

0.4866 

0.4894 

0.4921 

0.4948 

0.4975 

0.5002 

0.5028 

0.5054 

0.5080 

0.5105 

0.5131 

0.5156 

0.5181 

0.5205 

0.5229 

0.5254 

0.5277 

0.5301 

0.5325 

0.5348 

0.5371 

0.5394 

0.5416 

0.5439 

0.5461 

0.5463 

0.5505 

0.5526 

0.5548 

0.5569 

0.5590 

0.5611 

0.5631 

0.5652 

0.5672 

0.5692 

0.5712 

0.5732 

0.5751 

0.5771 

0.5790 

0.5809 

0.5828 

0.5847 

0.5865 

0.5884 

0.5902 

0.5920 

0.5938 

0.5956 

0.5973 

0.5991 


1.0498 

1.0495 

1.0491 

1.0488 

1.0485 

1.0482 
1.0479 
1 .0476 
1.0473 
1.0470 

1.0467 
1.0464 
1.0461 
1 .0459 
1.0456 

1.0453 
1 .0450 
1.0448 
1.0445 
1.0442 

1.0440 

1.0437 

1.0435 

1.0432 

1.0430 

1 .0427 
1.0425 
1.0423 
1.0420 
1.0418 


1.0537 

1.0533 

1.0530 

1.0526 

1.0522 

1.0519 

1.0515 

1.0512 

1.0509 

1.0505 

1 .0502 
1.0499 
1 .0495 
1.0492 
1.0489 


-0.0281 

-0.0281 

-0.0280 

-0.0279 

-0.0279 

-0.0278 
-0.0277 
-0. 

-0. 

-0. 

-0.0275 

-0.0274 

-0.0273 

-0.0273 

-0.0272 


1.0474 

1 .0471 
1 .0468 
1.0465 
1 .0462 
1.0460 

1.0457 
1.0454 
1 .0451 
1 .0449 
1 .0446 


.0 
.0 
.0 
1 .0409 
1 .0407 


hll 

1  ’HI 


1.0404 

1.0402 

1.0400 

1.0398 

1.0396 

1.0394 

1.0392 

1.0390 

1.0388 

1.0386 

1.0384 

1.0382 

1.0380 

1.0378 

1.0376 


-0.0268 

-0.0267 

-0.0267 

-0.0266 

-0.0265 

-0.0265 

-0.0264 

-0.0263 

-0.0262 

-0.0262 

-0.0261 

-0.0260 

-0.0260 

-0.0259 

-0.0258 


1.0431 
1 .0429 
1.0426 
1.0424 
1.0421 

1.0419 

1.0417 

1.0414 

1.0412 

1.0410 

1.0408 

1.0406 


1.0379 


358.40 

358.41 

358.41 

358.41 

358.41 

358.41 

358.41 

358.41 

358.42 

358.42 

358.42 

358.42 

358.42 

358.43 

358.43 

358.43 

358.43 

358.44 

358.44 

358.44 

358.44 

358.45 

358.45 

358.45 

358.46 

358.46 

358.46 

358.47 

358.47 

358.47 

358.47 

358.48 

358.48 

358.48 

358.49 

358.49 

358.49 

358.50 

358.50 

358.50 

358.51 

358.51 

358.51 

358.52 

358.52 

358.52 

358.53 

358.53 

358.54 

358.54 

358.54 

358.55 

358.55 

358.55 

358.56 

358.56 

356.56 

358.57 

358.57 

358.57 


0.9346  0.5095  1  0.6008  1.0374  -0.0258  1.0377  |  358.58 


WADC  IR  56--614 


A-32 


<r«  0.00 


l-^VFio 


-0.0533 

-0,0529 

-0.0525 

-0.0522 

-0.0518 

-0.0515 

-0.0511 

-0.0508 

-0.0505 

-0.0501 

-0.0498 

-0.0495 

-0.0491 

-0.0488 

-0.0485 

-0.0482 


-0.0467 

-0.0464 

-0.0461 

-0.0459 

-0.0456 


-0.0427 

-0.0425 

-0.0423 

-0.0420 

-0.0418 

-0.0416 

-0.0413 

-0.0411 

-0.0409 

-0.0407 

-0. 

-0* 

-0. 
-0.0398 
-0. 


0.0293 

0.0293 

0.0293 

0.0292 

0.0292 

0.0292 

0.0291 

0.0291 

0.0290 

0.0290 

0.0290 

0.0289 

0.0289 

0.0288 

0.0288 

0.0287 

0.0286 

0.0286 

0.0285 

0.0285 

0.0284 

0.0284 

0.0263 

0.0282 

0.0282 

0.0281 

0.0261 

0.0280 

0.0279 

0.0279 

0.0278 

0.0277 

0.0277 

0.0276 

0.0275 

0.0275 

0.0274 

0.0273 

0.0273 

0.0272 

0.0271 

0,0271 

0.0270 

0.0269 

0.0269 

0.0268 

0.0267 

0.0267 

0.0266 

0.0265 

0.0265 

0.0264 

0.0263 

0.0262 

0.0262 

0.0261 

0.0260 

0.0260 

0.0259 

0.0258 


0.0576 

0.0573 

.0570 

.0567 

.0564 


.0561 
.0558 
0. 
0.0552 

0. 


.0533 

0.0531 

0.0528 

0.0525 

.0523 


0.0494 

0.0492 

0.0490 

0.0487 

0.0485 

0.0483 

0.0481 

0.0479 

0.0476 

0.0474 

0.0472 

0.0470 

0.0468 

0.0466 

0.0464 

0.0462 

0.0460 

0.0458 

0.0456 


151.16 

151.02 

150.87 

150.74 

150.60 

150.46 
150.33 
150.20 
150.07 
149.95 

149.82 

149.70 

149.58 

149.46 

149.35 

149.23 

149.12 

149.01 

148.90 

148.79 

148.69 

148.58 
148.48 

148.38 
148.28 

148.18 
148.08 
147 .99 

147.89 

147.80 

147.71 

147.82 

147.53 
147.44 

147.35 

147.27 

147.18 

147.10 
147.02 
146.93 

148.85 

146.78 

146.70 
146.62 

146.54 

1.46.47 

146.39 
146.32 
146.25 

146.18 

146.11 
146.04 
145.97 

145.90 

145.83 

145.77 

145.70 


0.7918 

0.7934 

0.7949 

0.7964 

0.7979 

0.7994 

0.'8008 

0.8023 

0.8037 

0.8051 

0.8064 

0.8078 

0.8091 

0.8104 

0.8117 

0.8130 

0.6142 

0.8155 

0.8167 

0.8179 

0.8191 

0.8203 

0.8214 

0.8226 

0.8237 

0.8248 

0.8259 

0.8270 

0.8281 

0.8291 

0.8302 

0.8312 

0.8322 

0.8332 

0.8342 

0.8352 

0.8362 

0.8372 

0.8381 

0.8390 

0.8400 

0.8409 

0.8418 

0.8427 

0.8436 

0.8444 

0.8453 

0.8462 

0.8470 

0.8478 

0.8487 

0.8495 

0.8503 

0.8511 

0.8519 

0.8527 

0.6534 

0.8542 

0.8550 

0.8557 


MODULUS 


0.8159 

0.8171 

0.8183 

0.8195 

0.8206 


0.1903  0.8217 

0.1891  I  0.8229 
0.8240 
0.8251 
0.8262 

0.8272 
0.8283 
0.8293 
0.8304 
0.8314 

0.8324 


0.1855 


0.1843 

0.1832 

0.1820 

0.1809 

0.1798 


0.1636 

0.1627 

0.1618 

0.1609 

0.1600 

0.1591 

0.1582 

0.1574 

0.1565 

0.1557 

0.1548 

0.1540 

0.1532 

0.1524 

0.1516 

0.1508 

0.1500 

0.1492 

0.1485 

0.1477 

0.1469 

0.1462 

0.1455 

0.1447 

0.1440 

0.1433 

0.1426 

0.1419 

0.1412 

0.1405 


0.8372 

0.8382 

0.8391 

0.8400 

0.8409 


0.8502 

0.8510 

0.8518 

0.8526 

0.8534 

0.8541 

0.8549 

0.8556 

0.8563 

0.8571 

0.8578 

0.8585 

0.8592 

0.8599 

0.8606 

0.8613 

0.8620 

0.8626 

0,8633 

0.8640 

0.8646 

0.6653 

0.8659 

0.8665 

0,8672 


tr  *  0.25 


REAL, 

IMAG. 

1.1040 

-7.9860 

1.1044 

-7.2408 

1.1049 

-6.5947 

1.1054 

-6.0308 

1.1061 

-5.5356 

066 
07S 
084 
084 
1.1105 

116 
129 
143 
159 
1.1175 

1.1193 

1.1212 

1.1233 

1.1254 

1.1277 

1.1301 

1.1326 

1.1353 

1.1380 

1.1408 


1.1586 

1.1615 

1.1644 

1.1673 

1.1700 

1.1727 

1.1753 

1.1778 

1.1801 

1.1823 

844 
863 
881 
898 
1.1913 

1.1927 

1.1939 

1.1950 

1.1960 

1.1968 

1.1976 

1.1982 

1.1987 

1.1991 

1.1994 

1.1996 

1.1997 

1.1997 

1.1998 

1.1995 


.5.0985 

-4.7105 

-4.3647 

-4.0551 

-3.7767 

-3.5256 

-3.2982 

-3.0916 

-2.9033 

-2.7314 

-2.5738 

-2.4291 

-2.2950 

-2.1730 

-2.0595 

-1.9544 
-1.8568 
-1.7663 
-1 .6820 
-1 .6035 

-1.5304 

-1.4620 

-1.3982 

-1.3385 

-1.2826 

-1.2302 

-1.1811 

-1.1350 

-1.0917 

-1.0510 

-1.0128 

-0.9768 

-0.9429 

-0.9109 

-0.8807 

-0.8523 

-0.8254 

-0.7999 

-0.7759 

-0,7531 

-0.7315 

-0.7110 

-0.6915 

-0.6730 

-0.6554 

-0.6386 

-0.6227 

-0.6075 

-0.5929 

-0.5791 

-0.5658 

-0.5532 

-0.5410 

-0.5294 

-0.5183 


0.4671 

0.4871 

0.5086 

0.5257 

0.5443 

0.5624 

0.5799 

0.5970 

0.6135 

0.6295 

0.6449 

0.6598 

0.6742 

0.6879 

0.7011 

0.7137 

0.7258 

0.7373 

0.7482 

0.7586 

0.7684 

0.7776 

0.7863 

0.7945 

0.8021 

0.8092 

0.8159 

0.8220 

0.8278 

0.8330 

0.8379 

0.8424 

0.8466 

0.8504 

0.8539 

0.8571 

0.8601 

0.8628 

0.8653 

0.8677 

0.8698 

0.8718 

0.8736 

0.8754 

0.8770 

0.8785 

0.8799 

0.8812 

0.8824 

0.8636 

0.8848 

0.6859 

0.8869 

0.8879 

0.8889 

0.8898 

0.8907 

0.8916 

0.8925 

0.8933 


5.4743 

5.3975 

5.3180 

5.2362 

5.1519 

5.0656 

4.9772 

4.8870 

4.7951 

4.7017 

4.6070 

4.5111 

4.4141 

4.3164 

4.2180 

4.1192 

4.0200 

3.9208 

3.8218 

3.7230 

3.6248 

3.5272 

3.4306 

3.3351 

3.2410 

3.1483 

3.0574 

2.9683 

2.8812 

2.7963 

2.7136 
2.6334 
2.5556 
2.4803 
2 .4077 

2.3376 

2.2701 

2.2052 

2.1429 

2.0831 

2.0257 
1.9707 
1.9181 
1 .8677 
1.8194 

1.7733 
1 .7291 
1 .6868 
1  .6464 
1.6077 

1.5706 

1.5352 

1.5012 

1.4686 

1.4374 


t  X 


0.0042 

0.0045 

0.0049 

0.0053 

0.0058 

0.0063 

0.0069 

0.0075 

0.0083 

0.0091 

0.0100 
0.0 
0.0 


0.0147 

0.0163 

0.0180 

0.0198 

0.0219 

0.0242 

0.0267 

0.0294 

0.0324 

0.0356 

0.0391 

0.0429 

0.0470 

0.0514 

0.0561 

0.0610 

0.0663 

0.0716 

0.0776 

0.0837 

0.0900 

0.0966 

0.1033 

0.1102 

0.1173 

0.1245 

0.1319 

0.1394 

0.1469 

0.1545 

0.1621 

0.1698 

0.1774 

0.1851 

0.1927 

0.2004 

0.2079 

0.2154 

0.2229 

0.2302 

0.2375 


MODULUS^ 


0.2659 

0.2727 


1.0053 

1.0064 

1.0076 

1.0090 

1.0106 

1.0123 

1.0142 

1.0163 

1.0185 

1.0209 

1.0235 

1.0262 

1.0289 

1.0318 

1.0348 

1 .0377 
1 .0407 
1 .0437 
1.0465 
1 .0493 

1.0519 

1.0542 

1.0564 

1.0583 

1.0598 

1.0611 
1.0620 
1 .0625 
1.0627 
1.0625 

1.0619 

1.0611 

1.0599 

1.0564 

1.0567 

1.0547 

1.0526 

1.0503 

1.0479 

1.0453 

1.0427 

1.0400 

1.0373 

1.0346 

1.0319 

1.0293 

1.0266 

1.0240 

1.0214 

1.0189 

1.0164 

1.0140 

1.0117 

1.0094 

1.0072 

1.0051 

1.0030 

1.0010 

0.9990 

0.9971 


0.0145 

0.0158 

0.0170 

0.0182 

0.0193 

0.0204 

0.0214 

0.0222 

0.0229 

0.0235 

0.0238 

0.0239 

0.0238 

0.0234 

0.0228 

0.0218 

0.0205 

0.0189 

0.0169 

0.0146 

0.0120 

0.0091 

0.0059 

0.0025 

-0.0011 

-0.0050 

-0.0089 

-0.0130 

-0.0171 

-0.0212 

-0.0252 

-0.0292 

-0.0330 

-0.0367 

-0.0402 

-0.0435 

-0.0466 

-0.0495 

-0.0522 

-0.0547 

-0.0569 

-0.0589 

-0.0607 

-0.0623 

-0.0938 

-0.0650 
-0.0661 
-4). 0671 
-0.0679 
-0.0686 


1.0188 

1.0212 


0238 
0264 
0292 
1 .0321 
1.0350 


I 


1.0519 

1.0543 

1.0564 

1.0583 

1.0598 


1.0313 

1.0287 

1.0262 

1.0237 

1.0212 

.0188 

.0164 

.0141 

.0119 

1.0097 

1.0076 

1.0055 

1.0035 

1.0016 

0.9997 


359 

.94 

359 

.73 

359 

.52 

359 

.30 

!  359 

.06 

1  358 

.88 

358 

.64 

358 

.43 

358 

.22 

358 

.01 

357 

.82 

357 

.64 

357 

.46 

357 

.30 

357 

.15 

357 

.01 

356 

.88 

356 

.76 

356 

.65 

356 

.55 

356 

.46 

356 

.38 

356 

.31 

356 

.25 

356 

.20 

356 

.15 

356 

.11 

356 

.07 

356 

.04 

356 

.01 

355 

.99 

355 

.97 

355 

.96 

355 

.95 

355 

.94 

355 

.93 

WAOC  TR  66-614 


A-34 


IMAG.  \MOmUS 


-0.0053 

-0.0064 

-0.0076 

-0.0090 

-0.0106 

-0,0123 

-0.0142 

-0,0163 

-0.0185 

-0.0209 

-0.0236 

-0.0262 

-0.0289 

-0.0318 

-0.0348 

-0.0377 

-0.0407 

-0.0437 

-0.0465 

-0.0493 

-0.0519 

-0.0542 

-0.0564 

-0.0583 

-0.0598 

-0.0611 

-0.0620 

-0.0625 

-0.0627 

-0.0625 

-0.0619 

-0.0611 

-0.0599 

-0.0584 

-0.0567 

-0.0547 

-0.0526 

-0.0503 

-0.0479 

-0.0453 

-0.0427 

-0.0400 

-0.0373 

-0.0346 

-0.0319 

-0.0293 

-0.0266 

-0.0240 

-0.0214 

-0.0189 


-0.0072 

-0.0051 

-0.0030 

-0.0010 

0.0010 

0.0029 


-0.0145 

-0.0158 

-0.0170 

-0.0182 

-0.0193 

-0.0204 

-0.0214 

-0.0222 

-0.0229 

-0.0235 

-0.0238 

-0.0239 

-0.0238 

-0,0234 

.0,0228 

-0.0218 

-0.0205 

-0.0189 

-0.0169 

-0.0146 

-0.0120 

-0.0091 

-0.0059 

-0.0025 

0.0011 

0.0050 

0.0089 

0,0130 

0.0171 

0.0212 

0.0252 

0.0292 

0.0330 

0.0367 

0.0402 

0.0435 

0.0466 

0.0495 

0.0522 

0.0547 

0,0569 

0.0589 

0.0607 

0.0623 

0.0638 

0.0650 

0,0661 

0.0671 

0.0679 

0.0686 


0.0709 

0.0709 

0.0709 

0.0709 


0.0155 

0.0170 

0.0186 

0.0203 

0.0220 

0,0238 

0.0257 

0.0276 

0.0295 

0.0314 

0.0334 

0.0355 

0.0375 

0.0395 

0.0416 

0.0436 

0.0456 

0.0476 

0.0495 

0.0514 

0.0532 

0.0550 

0.0567 

0.0583 

0.0598 

0.0613 
0.0626 
0. 

0. 


0.0699 

0.0703 

0.0706 

0.0708 

0.0710 

0.0711 

0.0712 

0.0713 

0.0713 

0.0713 

0.0713 
0.0713 
0.0713 
0.0712 
.0712 


249.98 
247.94 

245.80 
243.57 
241.24 

238.83 

236.32 

233.72 

231.03 

228.26 

225.40 

222.47 

219.46 
216.37 

213.21 

209.99 
206.70 
203.36 
199.97 

196.53 

193.05 

189.54 
186.01 

182.47 
178.91 

175.35 

171.81 


141.51 

138.43 

135.43 

132.51 

129.66 

126.90 

124.21 

121.59 
119.06 

116.60 

114.22 

111.91 

109.67 
107.50 

105.40 

103.37 

101.40 
99.49 
97.64 
95.85 


0.0133 

0.0161 

0.0193 

0.0230 

0.0272 

0.0320 

0.0372 

0.0431 

0.0496 

0.0567 

0.0645 

0.0730 

0.0823 

0.0922 

0.1029 

0.1143 

0.1265 

0.1394 

0.1529 

0.1671 

0.1819 

0.1973 

0.2132 

0.2296 

0.2462 

0.2632 

0.2804 

0.2977 

0.3150 

0.3323 

0.3494 

0.3663 

0.3829 

0.3992 

0.4151 

0.4305 

0.4455 

0.4600 

0.4739 

0.4873 

0.5002 

0.5125 

0.5243 

0.5355 

0.5463 

0.5566 

0.5664 

0.5757 

0.5847 

0.5932 

0.6013 

0.6090 

0.6164 

0.6235 

0.6303 

0.6367 

0.6429 

0.6489 

0.6546 

0.6601 


0.1079 


0.3079 

0.3200 

0.3317 

0.3429 

0.3535 

0.3634 

0.3726 

0.3811 

0.3887 

0.3956 

0.4015 

0.4065 

0.4107 

0.4140 

0.4165 

0.4181 

0.4189 

0.4190 

0.4184 

0.4172 

0.4154 


0.4037 

0.3999 

0.3959 

0.3917 

0.3873 

0.3828 

0.3783 

0.3736 

0.3690 

0.3643 

0.3596 

0.3550 


0,3369 

0.3326 

0.3283 

0.3241 

0.3200 


0.1087 

0.1197 

0.1312 

0.1432 

0.1556 

0.1685 

0.1818 

0.1955 

0.2096 

0.2240 

0.2388 

0.2540 

0.2693 

0.2850 

0.3008 

0,3168 

0.3329 

0.3491 

0.3653 

0.3815 

0.3976 

0.4135 

0.4293 

0.4449 

0.4602 

0.4751 

0.4897 

0.5039 

0.5176 

0.5309 

0.5436 

0.5559 

0.5676 

0.6787 

0.5894 

0.5996 

0.6091 

0.6183 

0.6269 

0.6350 

0,6428 

0.6501 

0.6570 

0.6635 

0.6697 

0.6755 

0.6811 

0.6863 

0.6913 

0.6961 

0.7006 

0.7049 

0.7090 

0.7130 

0.7168 


WIDC  TR  56-614 


A-96 


O-  «  0.25 


1.1903 

1.1990 

1.1986 

1.1982 

1.1977 


1.1937 

1.1929 

1.1921 

1.1913 

1.1904 


1 .1846 
1.1836 
1.1826 
1.1816 
1.1805 

1.1795 

1.1784 

1.1774 

1.1763 

1.1753 

1.1742 

1.1732 

1.1721 

1.1711 

1.1700 

1.1690 

1.1679 

1.1669 

1.1659 

1.1649 

1.1638 

1.1628 

1.1618 

1.1608 

1.1598 

1.1589 

1.1579 

1.1560 

1.1560 

1.1550 

1.1541 

1.1531 

1.1522 

1.1513 

1.1504 

1.1495 

1.1486 

1.1477 

1.1469 

1.1460 


>0.5076 

-0.4073 

-0.4874 

-0.4780 

-0.4888 

-0.4601 

-0.4516 

-0.4434 

-0.4356 

-0.4280 

-0.4206 

-0.4135 

-0.4066 

-0.4000 

-0.3936 

-0.3873 

-0.3813 

-0.3754 

-0.3697 

-0.3642 

-0.3588 

-0.3536 

-0.3486 

-0.3436 

-0.3388 

-0.3341 

-0.3296 

-0.3251 

-0.3208 

-0.3166 

-0.3125 

-0.3085 

-0.3046 

-0.3007 

-0.2970 

-0.2934 

-0.2898 

-0.2863 

-0.2829 

-0.2796 

-0.2763 

-0.2731 

-0.2700 

-0.2669 

-0.2639 

-0.2610 

-0.2581 

-0.2553 

-0.2526 

-0.2499 

-0.2472 

-0.2446 

-0.2421 

-0.2396 

-0.2372 

-0.2348 

-0.2324 

-0.2301 

-0.2278 

-0.2256 


0.8942 

0.8050 

0.8958 

0.8966 

0.8973 


i 

T 

T 

T 

T 


0.9018 

0.0025 

0.9032 

0.9039 

0.9046 

0.9053 

0.0060 

0.9066 

0.9073 

0.9080 

0.9086 

0.0093 

.9099 

.9106 

.9112 


0.9173 

0.9178 

0.9184 

0.9189 

0.9195 

0.9200 

0.0206 

0.0211 

0.9216 

0.0221 

0.0227 

0.9232 

0.0237 

0.9242 

0.9247 

0.9251 

0.0256 

0.9261 

0.9266 

0.9270 

0.9275 

0.9279 

0.0284 

0.9288 

0.9293 

0.K97 


.2749 
.2514 
.2288 
.2070 
1.1860 

1.1658 
.1462 
1.1274 
1.1092 
.0916 

1 .0746 
1 .0561 
1.0422 
1 .0267 
1 .0118 

0.9973 

0.0832 

0.0695 

0.0562 

0.9433 

0.9308 

0.9186 

0.9067 

0.8951 

0.8838 

0.8728 

0.8621 

0.8517 

0.8415 

0.8315 

0.8218 

0.8123 

0.8030 

0.7939 

0.7850 

0.7763 

0.7678 

0.7595 

0.7514 

0.7434 

0.7356 

0.7280 

0.7205 

0.7131 

0.7059 

0.8988 

0.6919 

0.6851 

0.6784 

0.6719 

0.6655 

0.6592 

0.6530 

0.6469 

0.6409 

0.6350 

0.6293 

0.6236 

0.6181 

0.6126 


i  X 


0.2795 

0.2861 

0.2927 

0.2991 

0.3054 

0.3117 

0.3178 

0.3239 

0.3298 

0.3357 

0.3414 

0.3471 

0.3527 

0.3582 

0.3636 

0.3689 

0.3741 

0.3793 

0.3843 

0.3893 

0.3943 

0.3991 

0.4039 

0.4086 

0.4132 

0.4178 

0.4223 

0.4267 

0.4311 

0.4354 

0.4397 

0.4439 

0.4480 

0.4521 

0.4561 

0.4601 

0.4640 

0.4679 

0.4717 

0.4755 

0.4792 

0.4829 

0.4865 

0.4901 

0.4937 

0.4972 

0.5006 

0.5040 

0.5074 

0.5107 

0.5140 

0.5173 

0.5205 

0.5237 

0.5268 

0.5299 

0.5330 

0.5360 

0.5390 

0.5420 


0.9953 

0.9935 

0.9918 

0.9901 

0.9885 

0.9869 

0.9854 

0.9839 

0.9824 

0.9810 

0.9707 

0.9783 

0.9770 

0.9758 

0.0745 

0.9733 

0.9722 

0.9710 

0.0699 

0.9688 

0.9677 

0.9667 

0.9856 

0.9646 

0.9837 

0.9627 
0.9618 
.9608 
0.9599 
0.9590 

0.9582 

0.9573 

0.9565 

0.9557 

0.9548 

0.0541 

0.9533 

0.9525 

0.9518 

0.9510 

0.9503 

0.9496 

0.9489 

0.9482 

0.9475 

0.0468 

0.9462 

0.9455 

0.9449 

0.9443 

0.9437 

0.9431 

0.9425 

0.9419 

0.9413 

0.9407 

0.9402 

0.9396 

0.9391 

0.9386 


-0.0643 

-0.0640 

-0.0637 

-0.0634 

-0.0630 


-0.0615 


-0.0612 

-0.0609 

-0.0606 

-0.0603 

-0.0600 

-0.0597 

-0.0594 

-0.0591 

-0.0588 

-0.0585 

-0.0582 


rEXiiiUfll 


-0.0573 

-0.0570 

-0.0567 

-0.0564 

-0.0561 

-0.0559 

-0.0556 

-0.0553 

-0.0550 

-0.0547 

-0.0545 

-0.0542 


0.9978 

0.9960 

0.9943 

0.9926 

0.9910 

0.9894 

0.9879 

0.9864 

0.9849 

0.9835 

0.9821 

0.9807 

0.9794 

0.9761 

0.9769 

0.9757 

0.9745 

0.9733 

0.9722 

0.9710 


.9680 

0.9678 

0.9668 

0.9658 

0.9648 

0.9639 

0.9629 

0.9620 

0.9611 

0.9602 

0.9593 

0.9585 

0.9576 

0.9568 

0.9560 

0.9552 

0.9544 

0.9537 

0.9529 


355.93 

355.03 

355.03 

355.03 

355.04 

355.04 

355.95 

355.96 

355.96 

355.97 

355.08 

355.99 

356.00 

356.02 

356.03 

356.04 

356.05 

356.07 

356.08 

356.09 

356.11 

356.12 

356.14 

356.15 

356.16 

356.18 

356.19 

356.21 

356.22 

356.24 

356.25 

356.27 

356.28 
356.30 

356.32 

356.33 

356.35 

356.36 

356.38 

356.39 

356.41 

356.42 

356.44 

356.45 

356.47 

356.48 
356.50 

356.52 

356.53 

356.55 

356.56 

356.58 

356.59 

356.61 

356.62 

356.64 

356.65 

356.67 

356.68 
356.70 


WADC  TR  56>614 


A-<96 


0.0047 

0.006S 

0.0082 

0.0099 

0.0115 

0.0131 

0.0146 

0.0161 

0.0176 

0.0190 

0.0203 

0.0217 

0.0230 

0.0242 

0.0255 

0.0267 

0.0278 

0.0200 

0.0301 

0.0312 

0.0323 

0.0333 

0.0344 

0.0354 

0.0363 

0.0373 

0.0382 

0.0392 

0.0401 

0.0410 

0.0418 

0.0427 

0.0435 

0.0443 

0.0452 

0.0459 

0.0467 

0.0475 

0.0482 

0.0490 


0.0674 

0.0671 

0.0668 

0.0665 

0.0662 

0.0658 

0.0655 

0.0652 

0.0649 

0.0646 

0.0643 

0.0640 

0.0637 

0.0634 

0.0630 

0.0627 

0.0624 

0.0621 

0.0618 

0.0615 

0.0612 

0.0609 

0.0606 

0.0603 

0.0600 


0.07 
0.07 
0.0714 
0.07 
0.0716 


0.0725 

0.0726 

0.0728 

0.0730 

0.0731 

0.07  3  3 
0.0735 
0.0737 
0.0730 
0.0741 

0.0743 

0.0745 

0.0747 

0.0750 

0.0752 

0.0754 

0.0756 

0.0758 

0.0761 

0.0763 

0.0765 

0.0767 

0.0770 

0.0772 

0.0774 


0.6653 

0.6704 

0.6753 

0.6800 

0.6845 

0.6889 

0.6931 

0.6972 

0.7012 

0.7050 

0.7088 
0.7124 
0.7159 
.7104 
.7227 


0.7493 

0.7519 


0.7665 

0.7688 

0.7710 

0.7732 

0.7753 

0.7774 

0.7795 

0.7815 

0.7835 

0.7855 


0.3160 

0.3121 

0.3082 

0.3045 

0.3008 

0.2972 

0.2937 

0.2903 

0.2870 

0.2837 

0.2806 

0.2775 

0.2744 

0.2715 

0.2686 

0.2657 

0.2630 

0.2603 

0.2576 

0.2550 

0.2525 

0.2500 

0.2476 

0.2452 

0.2420 

0.2406 

0.2383 

0.2361 

0.2340 

0.2319 

0.2298 

0.2277 

0.2257 

0.2238 

0.2218 

0.2199 

0.2181 

0.2162 

0.2144 

0.2126 


0.7731 

0.7751 

0.7771 

0.7790 

0.7810 


0.8080 

0.8094 

0.8109 

0.8123 

0.8138 


23.34 

22.97 
22.61 
22.26 
21.92 

21.60 

21.28 

20.97 
20.67 
20.39 


16.6 
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m 

0 

2 

4 

15.97 

15.80 

0.0497 

0.0504 

0.0511 

0.0518 

0.0525 

0.0532 

0.0538 

0.0545 

0.0551 

0.0557 

0.0563 

0.0569 

.0575 


0.0593 

0.0598 

0.0604 

0.0609 

0.0614 


0.0597 

0.0594 

0.0591 

0.0588 

0.0585 

0.0582 

0.0579 

0.0576 

0.0573 

0.0570 

0.0567 

0.0564 


0.0559 

0.0556 

0.0553 

O.OSSO 

0.0547 

0.0545 

0.0542 


0.0777 

0.0779 

0.0781 

0.0783 

0.0786 

0.0788 

0.0790 

0.0793 

0.0795 

0.0797 


0.0810 

0.0813 

0.0815 

0.0817 

0.0819 


43.02 

42.61 

42.20 

41.80 

41.41 


0.7874 

0.7893 

0.7911 

0.7930 

0.7947 

0.7965 

0.7982 

0.7999 

0.8016 

0.8032 

0.8049 

0.8064 

0.8080 

0.8095 

0.8111 

0.8125 

0.8140 

0.8154 

0.8169 

0.8183 


0.2109 

0.2091 

0.2074 

0.2058 

0.2041 

0.2025 

0.2009 

0.1993 

0.1978 

0.1962 


0.8151 

0.8165 

0.8179 

0.8192 

0.8205 

0.8218 

0.8231 

0.8244 

0.8256 

0.8269 

0.8281 

0.8293 

0.8305 

0.8316 

0.8328 

0.8339 

0.8350 

0.8361 

0.8372 

0.8383 
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1.1370 

1.1363 

1.13SS 

1.1348 

1.1340 


1.1304  I -I 


-0.3234 

-0.2213 

-0.2182 

-0.2171 

-0.2151 

-0.2131 

-0.2111 

-0.2092 

-0.2073 

-0.2054 

-0.2036 

-0.2018 

-0.2000 

-0.1963 

-0,1966 

-0,1949 

-0.1933 

-0.1916 

-0.1600 

-0.1884 


1.1297 

1.1290 

1.1283 

1.1277 

1.1270 

1.1263 

1.1257 

1.1250 

1.1244 

1.1237 


-0.1869 

>0.1854 

-0.1839 

-0.1824 

-0.1809 


1.1200 

.1194 

.1188 

.1182 

ill76 

1.1171 

1.1165 

1.1159 

1.1154 

1.1148 

.1143 

.1137 

.1132 

1.1126 

1.1131 


-0.1662 

-0.1650 

-0.1638 

-0.1826 

-0.1615 

-0.1603 

-0.1592 

-0.1561 

-0.1569 

-0.1559 

-0.1548 

-0.1537 

-0.1527 

-0.1516 

-0.1506 

-0.1496 

-0.1486 

•0.1478 

-0.1466 

-0.1457 

-0.1447 

-0.1438 

-0.1429 

-0.1420 

-0.1411 

-0.1402 
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a-  - 
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-2r^ 
t  X 

0.9301 

0.6072 

0.6449 

0.9305 

0.6019 

0.6478 

0.0309 

0.5067 

0.5508 

0.9314 

0.5016 

0.5534 

0.9318 

0.5866 

0.5562 

0.0322 

0.5816 

0.5500 

0.9326 

0.5768 

0.5617 

0.9320 

0.5720 

0.5644 

0.9333 

0.5673 

0.5871 

0.0337 

0.5627 

0.6697 

0.9341 

0.5561 

0.5723 

0.0345 

0.5536 

0.5740 

0.0348 

0.5402 

0.5774 

0.9352 

0.5448 

0.5799 

0.0356 

0.6406 

0.5824 

0.0359 

0.6363 

0.5840 

0.0363 

0.5332 

0.5873 

0.9366 

0.5281 

0.5897 

0.9370 

0.5241 

0.6921 

0.9373 

0.6201 

0.5045 

0.9377 

0.5162 

0.5068 

0.9380 

0.5123 

0.5991 

0.0383 

0.5085 

0.6014 

0.9387 

0.5048 

0.6036 

0.0390 

0.5011 

0.6059 

0.9393 

0.4975 

0.6081 

0.9396 

0.4939 

0.6103 

0.9399 

0.4904 

0.6124 

0.0402 

0.4869 

0.6145 

0.9405 

0.4834 

0.6167 

0.9409 

0.4800 

0.6188 

0.9412 

0.4767 

0.6308 

0.9415 

0.4734 

0.6229 

0.9418 

0.4701 

0.6249 

0.9420 

0.4669 

0.6269 

0.9423 

0.4638 

0.6280 

0.9426 

0.4606 

0.6309 

0.9429 

0.4576 

0.6328 

0.9432 

0.4545 

0.6348 

0.9435 

0.4515 

0.6367 

0.9437 

0.4486 

0.8385 

0.944b 

0.4456 

0.6404 

0.9443 

0.4427 

0.6423 

0.9446 

0.4399 

0.6441 

0.0448 

0.4371 

0.6459 

0.9451 

0.4343 

0.6477 

0.9453 

0.4315 

0.6495 

0.9456 

0.4288 

0.6513 

0.8459 

0.4262 

0.6530 

0.8461 

0.4235 

0.6547 

0.9464 

0.4209 

0.6565 

0.9466 

0.4183 

0.6582 

0.9469 

0.4158 

0.8598 

0.9471 

0.4132 

0.6615 

0.9473 

0.4108 

0.6631 

0.9476 

0.4083 

0.6648 

0.9478 

0.4059 

0.6664 

0.9480 

0.4035 

0.6680 

0.9483 

0.4011 

0.6696 

0.9485 

0.3987 

0.6712 

0.9487 

0.3964 

0.6727 

0.9380 

0.9375 

0.9370 

0.9365 

0.9360 

0.9355 

0.9350 

0.9346 

0.9341 

0.9336 

0.9332 

0.0337 

0.9323 

0.9319 

0.9314 

0.(9310 

0.9306 

0.9302 

0.9298 

0.9294 


-0.0501 

-0.0498 

-0.0486 

-0.0494 

-0.0491 


0.9236 

0.9233 

0.9230 

0.9227 

0.9224 

0.8221 

0.9217 

0.9214 

0.9211 

0.9209 

0.9206 

0.9203 

0.9200 

0.9197 

0.9194 

0.9192 


0.0450 

0.0448 

-0.0446 

-0.0444 

-0.0442 

-0.0440 

-0.0438 

-0.0436 

-0.0434 

-0.0432 

-0.0430 

-0.0429 


0.9178 

0.9176 

0.9173 

0.9171 

0.9168 


0.9396 

0.9381 

0.9385 

0.9360 

0.9375 

0.9370 

0.9365 

0.9360 

0.9355 

0.9351 

0.8346 

0.9341 

0.9337 

0.9332 

0.9328 

0.9324 

0.0319 

0.9315 

0.9311 

0.9307 

0.8303 

0.9299 

0.9295 

0.9291 

0.9287 


-0.0412 

-0.0411 


0.9265 

0.9261 

0.9258 

0.9254 

0.9351 

0.9248 

0.9244 

0.9241 

0.9238 

0.9234 

0.9231 

0.9228 

0.9225 

0.9222 

0.9219 

0.9216 

0.9213 

0.9210 

0.9207 

0.9204 

0.9201 

0.0199 

0.9196 

0.9103 

0.9190 

0.9188 

0.9185 

0.9182 

0.9160 

0.9177 


357.09 

357.10 

357.11 

357.13 

357.14 

357.15 

357 .16 

357.17 

357.19 

357.20 

357.21 

357 .22 

357.23 

357.24 

357.25 

357.27 

357.28 

357.29 

357.30 

357.31 

357.32 

357.33 

357.34 

357.35 

357.36 

357.37 

357.38 

357.39 

357.40 

357.41 

357 .42 

357.43 
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era  0.25 
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0.0520 

0.0625 

0.0630 

0.0635 

0.0640 

0.0645 

0.0650 

0.0654 

0.0659 

0.0664 

0.0668 

0.0673 

0.0677 

0.0681 

0.0686 

0.0690 

0.0694 

0.0698 

0.0702 

0.0706 


0.0764 

0.0767 

0.0770 

0.0773 

0.0776 

0.0779 

0.0783 

0.0786 

0.0789 

0.0791 

0.0794 

0.0797 

0.0800 

0.0603 

0.0806 

0.0808 

0.0811 

0.0814 

0.0817 

0.0819 

0.0822 

0.0824 

0.0827 

0.0829 

0.0832 

0.0834 


0.0539 

0.0537 

0.0534 

0.0531 

0.0529 

0.0526 

0.0523 

0.0521 

0.0518 

0.0516 

0.0513 

0.0511 

0.0508 

0.0506 

0.0503 

0.0501 

0.0498 

0.0496 

0.0494 

0.0491 

0.0489 

0.0487 

0.0484 

0.0482 

0.0480 

0.0477 

0.0475 

0.0473 

0.0471 

0.0469 

0.0467 

0.0464 

0.0462 

0.0460 

0.0458 

0.0456 

0.0454 

0.0452 

0.0450 

0.0448 

.0446 
.0444 
0.0442 
0.0440 
0.0438 

0.0436 

0.0434 

0.0432 

0.0430 

0.0429 

0.0427 

0.0425 

0.0423 

0.0421 

0.0419 

0.0418 

0.0416 

0.0414 

0.0412 

0.0411 


0.0821 

0.0824 

0.0826 

0.0828 

0.0830 

0.0832 

0.0834 

0.0836 

0.0838 

0.0840 

0.0842 

0.0844 

0.0846 

0.0848 

0.0850 

0.0852 

0.0854 

0.0856 

0.0858 

0.0860 

0.0862 

0.0864 

0.0866 

0.0868 

0.0870 

0.0872 

0.0873 

0.0875 

0.0877 

0.0879 

0.0881 

0.0882 

0.0884 

0.0888 

0.0888 

0.0889 

0.0891 

0.0893 

0.0895 

0.0896 

0.0898 

0.0900 

0.0901 

0.0903 

0.0905 

0.0906 

0.0908 

0.0909 

0.0911 

0.0913 

0.0914 

0.0916 

0.0917 

0.0919 

0.0920 

0.0922 

0.0923 

0.0925 

0.0926 

0.0928 

0.0929 


30.84 

30.62 

30.40 

30.19 

29.98 


26.95 

26.78 

26.61 

26.44 

28.28 


0.8528 

0.8537 

0.8546 

0.8555 

0.8563 

0.8572 

0.8580 

0.8589 

0.8597 

0.8605 

0.8613 

0.8621 

0.8629 

0.8636 

0.8644 

0.8652 

0.8659 

0.8667 

0.8674 

0.8681 

0.8688 

0.8695 

0.8702 

0.8709 

0.8716 

0.8723 

0.8730 

0.8736 

0.8743 

0.8749 


mo.  MODULUS 


0.8196 

0.8210 

0.8223 

0.8236 

0.8249 

0.8262 

0.8275 

0.8287 

0.8299 

0.8311 

0.8323 

0.8335 

0.8346 

0.8357 

0.8369 

0.8380 

0.8391 

0.8401 

0.8412 

0.8422 

0.8433 

0.8443 

0.8453 

0.8463 

0.8472 


0.1808 

0.1795 

0.1-783 

0,1770 

0.1758 

0.1746 
0.1734 
0.1722 
710 
698 
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0.1654 

0.1643 

632 
622 
611 
0.1601 
0.1591 

0.1561 
571 
561 
551 
542 


0.8393 

0.8404 

0.8414 

0.8424 

0.8434 

0.8444 

0.8454 

0.8464 

0.8473 

0.8483 

0.8492 

0.8501 

0.8510 

0.8519 

0.8528 

0.8537 

0.8546 

0.8554 

0.8563 

0.8571 

0.8579 

0.8588 

0.8596 

0.8604 

0.8611 


0.8627 

0.8635 

0.8642 

0.8650 

0.8857 

0.8664 

0.8671 

0.8679 

0.8686 

0.8693 

0.8700 

0.8706 

0.8713 

0.8720 


0.8789 

0.8795 

0.8801 

0.8807 

0.8813 


0.1294 

0.1287 

0.1280 

0.1274 

0.1267 


0.8756  0.1261  0.8846 
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1.0035 

1.0042 

1.0051 

1.0061 

1.0072 

1 .0085 
1.0099 
1.0115 
1.0133 
1.0153 

1.0175 

1.0199 

1.0225 

1.0254 

1.0285 

1.0318 
1 .0354 
1.0393 
1.0433 
1 .0476 

1.0521 

1.0567 

1.0615 

1.0664 

1.0713 

1.0763 
1.0813 
1 .0862 
1.0911 
1.0958 

1 .1004 
1.1048 
1.1090 
1.1130 
1.1168 

1.1204 

1.1237 

1.1268 

1.1298 

1.1325 

1.1349 
1.1372 
1.1393 
1.1412 
1.1430  I 

1.1445 

1.1460 

1.1472 

1.1483 

1.1493 

1 .1502 
1.1500 
1.1516 
1.1521 
1.1525 

1.1529 

1.1531 

1.1533 

1.1534 

1.1534 


>5.9742 

-5.4139 

-4.9277 

-4.5031 

-4.1300 

-3.8004 

-3.5077 

-3.2465 

-3.0124 

-2.8018 

-2.6116 

-2.4391 

-2.2823 

-2.1393 

-2.0085 

-1.8886 
-1.7785 
-1.6771 
-1.5835 
-1 .4971 

-1.4172 

-1.3432 

-1.2746 

-1.2109 

-1.1518 


-0.9540 

-0.9128 

-0.8744 

-0.8386 

-0.8051 

-0.7737 

-0.7444 

-0.7170 

-0.6912 

-0.6671 

-0.6443 

-0.6230 

-0.6028 

-0.5838 

-0.5659 

-0.5489 

-0.5329 

-0.5177 

-0.5033 

-0.4896 

-0.4766 

-0.4643 

-0.4525 

-0.4413 

-0.4306 

-0.4205 

-0.4107 

-0.4014 

-0.3925 

-0.3840 

-0.3758 

-0.3680 


0.9034 

0.9048 

0.9060 

0.9072 

0.9082 

0.9091 

0.9099 

0.9107 

0.9114 

0.9121 

0.9127 
0.9133 
0.9139 
0.9145 
0.9 

0.9 
0.9 
0.9 
0.9 
0.9175 


5.3158 

5.2249 

5.1310 

5.0343 

4.9350 

4.8334 

4.7294 

4.6235 

4.5156 

4.4062 

4.2953 

4.1831 

4.0700 

3.9561 

3.8417 

3.7270 

3.6124 

3.4982 

3.3846 

3.2721 

3.1609 

3.0515 

2.9441 

2.8391 

2.7368 


.5651 

.5186 

.4744 

1.4325 

1.3927 

1.3549 

.3189 

.2847 

.2522 

.2211 


0.0049 

0.0054 

0.0059 

0.0065 

0.0072 

0.0080 

0.0088 

0.0098 

0.0109 

0.0122 

0.0136 
0.0153 
0. 

0. 

I  0.0215 

0.0241 

0.0270 

0.0303 

0.0339 

0.0379 

0.0424 

0.0473 

0.0527 

0.0585 

0.0648 

0.0715 

0.0788 

0.0864 

0.0945 

0.1029 

0.1116 

0.1207 

0.1300 

0.1395 

0.1492 

0.1591 

0.1690 

0.1790 

0.1890 

0.1991 

0.2091 

0.2190 

0.2289 

0.2387 

0.2484 

0.2580 

0.2674 

0.2767 

0.2859 

0.2949 

0.3038 

0.3124 

0.3210 

0.3293 

0.3375 

0.3456 

0.3534 

0.3611 

0.3687 

0.3760 


1.0049 

1.0059 

1.0071 

1.0083 

1.0097 

1.0111 

1.0127 

1.0144 

1.0162 

1.0180 

1.0198 

1.0216 

1.0234 

1.0250 

1.0265 

1.0277 

1.0287 

1.0293 

1.0295 

1.0292 

1.0285 
1 .0271 


.025 

1.0228 

1.0197 

1.0162 

1.0121 

1.0076 

1.0027 

0.9976 

0.9922 

0.9866 

0.9609 

0.9752 

0.9695 

0.9638 

0.9563 

0.9528 

0.9476 

0.9424 


IMAG. 

MODULUS 

1.0014 

1.0049 

1.0019 

1.0059 

1.0025 

1.0071 

1.0033 

1.0083 

1.0042 

1.0097 

1.0053 

1.0112 

1.0066 

1.0128 

1.0082 

1.0144 

1.0101 

1.0162 

1.0122 

1.0181 

1.0147 

1.0199 

1.0176 

1.0218 

1.0208 

1.0236 

1.0245 

1.0253 

1.0285 

1.0269 

1.0329 

1.0283 

1.0376 

1.0294 

1.0428 

1.0302 

1.0482 

1.0306 

1.0539 

1.0307 

1.0598 

1.0302 

1.0658 

1 .0292 

1.0718 

1.0277 

18 

17 

1.0257 

1.0232 

13 

1.0201 

.09^ 

n 

1.0165 

0.9009  - 

0.8977  - 
0.8946  - 
0.8917  - 
0.8889  - 
0.8862  - 

0.8836  ' 
0.8811 


-0.1247 

-0.1238 

-0.1229 

-0.1210 

-0.1209 

-0.1198 

-0.1186 

-0.1175 

-0.1163 

-0.1152 


1.0125 

1.0082 

1.0035 

0.9985 

0.9933 

0.9880 

0.9826 

0.9772 

0.9718 

0.9665 

0.9612 

0.9560 

0.9509 

0.9460 

0.9413 

0.9367 

0.9322 

0.9280 

0.9239 

0.9199 

0.8161 

0.9125 

0.0090 

0.9057 

0.9025 

0.8094 

0.8064 

0.8836 

0.8909 

0.8883 

0.8858 

0.8834 

0.8811 


359.92 

358.89 

359.86 

359.81 

359.76 


359.54 
359.43 

359.31 

350.17 
359.01 
358.83 
358.63 
358.41 

358.17 
357.90 
357.62 

357 .32 
357.00 

356.67 

356.34 
355.99 

355.65 
355.31 

354.98 

354.65 

354.35 
354.06 
353.79 

353.54 


352 

.79 

352 

.66 

352 

.54 

352 

.45 

352 

.38 

352 

.32 

352 

.28 

352 

.25 

352 

.23 

352 

.23 

352 

.23 

352 

.24 

352 

.26 

352 

.29 

352 

.32 

352 

.36 

352 

.40 

352 

.45 

352 

.49 

352 

.54 

352 

.59 

352 

.65 

352 

.70 

352 

.76 

352 

.81 

352 

.87 
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0.50 


f*VF,o 


.0.0049 

-0.0059 

-0.0071 

-0.0083 

-0.0097 

-0.0111 

-0.0127 

-0.0144 

-0.0162 

-0.0180 

-0.0198 

-0.0216 

-0,0234 

-0,0250 

-0.0265 

-0.0277 

-0.0287 

-0.0293 

-0.0295 

-0.0292 

-0.0285 

-0.0271 

-0.0252 

-0.0228 

-0.0197 

-0.0162 

-0,0121 

-0.0076 

-0.0027 

0.0024 

0.0078 

0.0134 

0.0191 

0.0248 

0.0305 

0.0362 

0.0417 

0.0472 

0.0524 

0.0576 

0.0625 

0.0673 

0.0719 

0,0763 

0.0806 

0.0846 

0.0885 

0.0922 

0.0957 

0.0901 

0.1023 

0.1054 

0.1083 

0,1111 

0.1138 


0.0014 

0.0019 

0.0025 

0.0033 

0.0042 

0.0053 

0.0066 

0.0082 

0.0101 

0.0122 

0.0147 

0.0176 

0.0208 

0.0245 

0.0285 

0.0329 

0.0376 

0.0428 

0.0482 

0.0539 

0.0598 

0.0658 

0.0718 

0.0778 

0.0837 

0.0893 

0.0947 

0.0997 

0.1043 

0.1085 

0.1123 

0.1155 

0.1184 

0.1207 

0.1227 

0.1242 

0.1254 

0.1263 

0.1268 

0.1271 

0.1271 

0.1270 

0.1266 

0.1261 

0.1254 


0.1198 

0.1186 


0.0051 

0.0062 

0.0075 

0.0089 

0.0105 

0.0123 

0.0144 

0.0166 

0.0191 

0.0218 

0.0247 

0.0279 

0.0313 

0.0350 

0.0389 

0.0430 

0.0473 

0.0519 

0.0565 

0.0613 

0.0662 

0.0712 


0.1232 

0.1264 


0.1395 


0.1417 

0.1437 

0.1456 

0.1474 

0.1491 

0.1507 

0.1522 

0.1536 

0.1550 

0.1563 


0.1629 

0.1639 

0.1648 

0.1658 

0.1666 


163.75 
162.08 

160.33 
158 ;40 
156.58 

154.56 

152.50 

150.33 
148.09 

145.76 

143.35 
140.87 

138.30 
135.66 
132.95 

130.17 

127.33 
124.43 

121.48 

118.48 

115.46 

112.41 

109.36 

106.30 
103.26 

100.25 

97.28 

94.36 

91.50 

88.72 

86.00 

83.38 
60.84 

78.39 
76.03 

73.77 

71.60 

69.52 

67.53 
65.62 

63.80 
62.08 

60.40 

58.81 

57.30 


49.50 

48.39 

47.33 
46.31 

45.34 


mG.  \  MODULUS 


0.0156 

0.0169 

0.0228 

0.0271 

0.0321 

0.0378 

0.0441 

0.0512 

0.0591 

0.0678 

0.0773 

0.0878 

0.0992 

0.1116 

0.1250 

0.1393 

0.1547 

0.1709 

0.1881 

0.2061 

0.2248 

0.2442 

0.2641 

0.2844 

0.3050 

0.3257 

0.3463 

0.3667 

0.3868 

0.4065 

0.4256 

0.4441 

0.4620 

0.4791 

0.4955 

0.5111 

0.5259 

0.5400 

0.5534 

0.5660 

0.5760 

0.5893 

0.5999 

0.6100 

0.6196 

0.6288 

0.6371 

0.6452 

0.6528 

0.6601 

0.6670 

0.6735 

0.6797 

0.6856 

0.6912 

0.6966 

0.7016 

0.7067 

0.7114 

0.7159 


0.1235 

0.1358 

0.1486 

0.1619 

0.1758 


.1372 
.1504 
.1642 
0.1785 


0.1897  0.1934 
0.2041  0.2088 
0.2188  0.2247 
0.2337  0.2411 
0.2489  0.2579 


0.2641 

0.2793 

0.2945 

0.3095 

0.3243 

0.3387 

0.3526 

0.3659 

0.3785 

0.3902 

0.4010 

0.4107 

0.4193 

0.4267 

0.4328 

0.4377 

0.4413 

0.4437 

0.4450 

0,4451 

0.4443 

0.4425 

0.4399 

0.4366 

0.4326 


0.4009 

0.3949 

0.3869 

0.3828 

0.3768 

0.3707 

0.3648 

0.3589 

0.3532 

0.3475 

0.3419 

0.3365 

0.3312 

0.3260 

0.3210 

0.3160 

0.3113 

0.3066 

0.3021 

0.2977 


0.2752 

0.2928 

0.3108 

0.3291 

0.3476 

0.3662 

0.3850 

0.4038 

0.4226 

0.4413 

0.4597 

0.4778 

0.4955 

0.5128 

0.5295 

0.5456 

0.5610 

0.5767 

0.5896 

0,6028 

0.6152 

0.6269 

0.6379 

0.6482 

0.6578 

.6867 
0.6 
0.6 
0.6 
0.6 

0.7034 

0.7093 

0.7149 

0.7202 

0.7251 

0.7298 

0.7342 

0.7383 

0.7422 

0.7460 

0.7495 

0.7529 


0.7650 

0.7677 

0.7703 

0.7729 

0.7753 


82.82 

82.08 

81.30 

80.48 

79.63 

78.73 

77.80 

76.83 

75.82 

74.77 

73.68 

72.65 

71.38 

70.17 

68.92 
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B 

a 

/ 

V 

{  X 

- 

V 

flEAL 

MAG. 

A 

REAL 

MAG. 

MOCULUS 

nmsr- 

loewees) 

4.00 

1.1534 

•0.3605 

0.9202 

0.9591 

0.3833 

0.8722 

-0.1082 

0.8789 

352.93 

4.05 

1.1533 

-0.3533 

0.9207 

0.9408 

0.3903 

0.8702 

-0.1071 

0.8767 

352.98 

4.10 

1.1531 

-0.3464 

0.9211 

0.9232 

0.3972 

0.8682 

-0.1060 

0.8747 

353.04 

4.15 

1.1529 

-0.3397 

0.9216 

0.9064 

0.4040 

0.8663 

-0.1049 

0.8727 

353.09 

4.20 

1.1526 

-0.3333 

0.9220 

msM 

0.4106 

0.8645 

-0.1039 

0.8707 

353.15 

4.25 

1.1523 

-0.3271 

0.9225 

0.8745 

0.4171 

0.8628 

-0.1028 

0.8689 

353.20 

4.30 

1.1520 

-0.3211 

0.9230 

0.8594 

0.4234 

0.6611 

-0.1018 

0.8671 

353.26 

4.35 

1.1516 

-0.3154 

0.9234 

0.8448 

0.4296 

0.8595 

-0.1008 

0.8653 

353.31 

4.40 

1.1511 

-0.3098 

0.9239 

0.8308 

0.4357 

0.8579 

-0.0998 

0.8637 

353.37 

4.45 

1.1507 

-0.3045 

0.9243 

0.8172 

0.4417 

0.8563 

-0.0988 

0.8620 

353.42 

4.50 

1.1502 

-0.2903 

0.9248 

0.8041 

0.4475 

0.8549 

-0.0978 

0.8604 

353.47 

4.55 

1.1496 

-0.2943 

0.9252 

0.7914 

0.4532 

0,8534 

-0.0969 

0.8589 

353.52 

4.60 

1.1491 

-0.2895 

0.9257 

0.7792 

0.4588 

0.8520 

-0.0960 

0.8574 

353.57 

4.65 

1.1485 

-0.2848 

0.9261 

0.7673 

0.4843 

0.8506 

-0.0951 

0.8559 

353.62 

4.70 

1.1479 

-0.2802 

0.9266 

0.7558 

0.4696 

0.8493 

-0.0942 

0.8545 

353.67 

4.75 

1.1473 

-0.2758 

0.9270 

0.7447 

0.4749 

0.8480 

-0.0933 

0.8532 

353.72 

4.80 

1.1467 

-0.2716 

0.9275 

0.7339 

0.4801 

0.8488 

-0.0925 

0.8518 

353.77 

4.85 

1.1460 

-0.2674 

0.9279 

0.7234 

0.4851 

0.8456 

-0.0916 

0.8505 

353.82 

4.90 

i:i453 

-0.2634 

0.9284 

0.7132 

0.4901 

0.8444 

-0.0908 

0.8492 

353.86 

4.95 

1.1447 

-0.2595 

0.9288 

0.7033 

0.4949 

0.8432 

-0.0900 

0.8480 

353.91 

5.00 

1.1440 

-0.2557 

0.9292 

0.6937 

0.4997 

0.8421 

-0.0892 

0.8468 

353.95 

5.05 

1.1433 

-0.2520 

0.9297 

0.6843 

0.5044 

0.8409 

-0.0884 

■tWilKiTS 

354.00 

5.10 

1.1425 

-0.2484 

0.9301 

0.6752 

0.5090 

0.8399 

-0.0877 

354.04 

5.15 

1.1418 

-0.2450 

0.9306 

0.6664 

0.5136 

0.8388 

-0.0869 

354.08 

5.20 

1.1411 

-0.2416 

0.9310 

0.5180 

0.8378 

-0.0862 

354.13 

5.25 

1.1404 

-0.2383 

0.9314 

0.6494 

0.5224 

0.8368 

-0.0855 

0.8411 

354.17 

5.30 

1.1396 

-0.2350 

0.9319 

0.5267 

0.8358 

-0.0847 

0.8400 

354.21 

5.35 

1.1389 

-0.2319 

0.9323 

0.6332 

0.5309 

0.8348 

-0.0840 

0.8390 

354.25 

5.40 

1.1381 

-0.2288 

0.9327 

0.5350 

0.8338 

-0.0834 

0.8380 

354.29 

5.45 

1.1374 

-0.2259 

0.9331 

0.6178 

0.5391 

0.8329 

-0.0827 

0.8370 

354.33 

5.50 

1.1366 

-0.2229 

0.9335 

0.6104 

0.5431 

0.8320 

-0.0820 

0.8360 

354.37 

5.55 

1.1359 

-0.2201 

0.9339 

0.6032 

0.5471 

0.8311 

-0.0814 

0.8351 

354.41 

5.60 

1.1351 

-0.2173 

0.9344 

0.5961 

0.5510 

0.8302 

-0.0807 

0,8341 

354.45 

5.65 

1.1344 

-0.2146 

0.9348 

0.5892 

0.5548 

0.6294 

-0.0801 

0.6332 

354.48 

5.70 

1.1337 

-0.2120 

0.9352 

0.5824 

0.5585 

0.8285 

-0.0795 

0.8323 

354.52 

5.75 

1.1329 

-0.2094 

0.9356 

0.5758 

0.5623 

0.8277 

-0.0788 

0.8314 

354.56 

5.80 

1.1322 

-0.2069 

0.9359 

0.5693 

0.5659 

0.8269 

-0.0782 

0.8306 

354.60 

5.85 

1.1314 

-0.2044 

0.9363 

0.5630 

0.5695 

0.6261 

-0.0776 

0.8297 

354.83 

5.90 

1.1307 

•0.2020 

0.9367 

0.5568 

0.5730 

.0.8253 

-0.0770 

0.8289 

354.67 

5.95 

1.1300 

-0.1996 

0.9371 

0.5508 

0.5765 

0,8245 

-0.0765 

0.8281 

354.70 

6.00 

1.1293 

-0.1973 

0.9375 

0.5448 

0.5799 

0.8238 

-0.0759 

0.8273 

354.74 

6.05 

1.1285 

-0.1951 

0.9379 

0.5390 

0.5833 

0.8230 

-0.0753 

0.8265 

354.77 

6.10 

1.1278 

-0.1929 

0.9382 

0.5333 

0.5866 

0.8223 

-0.0748 

0.8257 

354.80 

6.15 

1.1271 

-0.1907 

0.9386 

0.5278 

0.5889 

0.8216 

-0.0742 

0.6249 

354.84 

8.20 

1.1264 

-0.1886 

0.9390 

0.5223 

0.5831 

0.8209 

-0.0737 

0.8242 

354.87 

6.25 

1.1267 

-0.1865 

0.9393 

0.5170 

0.5963 

0.8202 

-0.0731 

0.8234 

354.90 

6.30 

1.1250 

-0.1845 

0.9397 

0.5117 

0.5995 

0.8195 

-0.0726 

0.8227 

354.94 

6.35 

1.1243 

-0.1825 

0.9400 

0.5066 

0.6026 

0.8188 

-0.0721 

0.8220 

354.97 

6.40 

1.1236 

-0.1805 

0.9404 

0.5015 

0.6056 

0.8182 

-0.0716 

0.8213 

6.45 

1.1229 

-0.1786 

0.9407 

0.4966 

0.6086 

0.8175 

-0.0711 

0.8206 

355  .-03 

6.50 

-0.1787 

0.9411 

0.4917 

0.6116 

0.8169 

-0.0706 

0.8199 

355.06 

6.55 

111  1 

-0.1749 

0.9414 

0.4869 

0.6145 

0.8163 

-0.0701 

0.8193 

6.60 

-0.1731 

0.9417 

0.4823 

0.6174 

0.8157 

-0.0696 

0.8186 

355.12 

6.65 

1.1203 

-0.1713 

0.0421 

0.4777 

0.6202 

0.8151 

-0.0691 

0.8180 

355.15 

6.70 

1.1196 

-0.1696 

0.9424 

0.4732 

0.6230 

0.8145 

-0.0686 

0.8173 

355.18 

6.75 

1.1190 

-0.1679 

0.9427 

0.4687 

0.6258 

0.8139 

0.8167 

355.21 

6.80 

1.1183 

•0.1662 

0.9430 

0.4644 

0.6285 

0.8133 

355.24 

6.85 

1.1177 

-0.1646 

0.9433 

0.4601 

0.6312 

0.8127 

E 

355.27 

6.90 

1.1171 

-0.1630 

0.9437 

0.4559 

0.6339 

0.8122 

B 

355.30 

6.95 

1.1164 

-0.1614 

0.9440 

0.4518 

0.6365 

0.8116 

m 

355.33 
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ks  0.1  <r=  0.50 


B 

!■[ 

l+V 

I^VFio 

iBl 

REAL 

/MAG. 

MODULUS 

PHASE 

tocancs) 

j  real 

IMAG. 

MODULUS 

4.00 

0.1278 

0.1082 

0.1675 

40.26 

inm 

0.2934 

0.7777 

22.17 

4.05 

0.1208 

0.1071 

0.1683 

39.52 

0.7244 

0.2892 

0.7800 

21.77 

4.10 

0.1318 

0.1060 

EHmi 

38.81 

0.7284 

0.2852 

0.7822 

21.38 

4.15 

0.1337 

0.1049 

0.1699 

38.13 

0.7322 

0.2813 

0.7844 

21.01 

4.20 

0.1355 

0.1039 

37.48 

0.7360 

0.2775 

0.7865 

20.66 

4.25 

0.1372 

0.1028 

0.1715 

36.84 

0.7396 

0.2738 

0.7886 

20.31 

4.30 

0.1380 

0.1018 

0.1722 

36.23 

ESZEI3 

0.2702 

0.7906 

19.98 

4.35 

0.1008 

0.1729 

35.64 

0.7464 

0.2667 

0.7926 

19.66 

4.40 

0.1421 

0.0998 

0.1738 

35.07 

0.7496 

0.2633 

0.7945 

19.35 

4.45 

0.1437 

0.0988 

0.1743 

34.51 

0.7528 

0.2600 

0.7964 

4.50 

0.1451 

0.0078 

0.1750 

33.98 

0.7559 

0.2568 

0.7983 

18.76 

4.55 

0.1466 

0.0969 

0.1757 

33.46 

0.7588 

0.2536 

0.8001 

18.48 

4.60 

0.1480 

0.0960 

0.1764 

32.96 

0.7617 

0.2506 

0.8019 

18.21 

4.65 

0.1494 

0.0951 

0.1770 

32.48 

0.7645 

0.2476 

0.8036 

17.94 

4.70 

0.1507 

0.0942 

0.1777 

32.01 

0.7673 

0.2447 

0.8054 

17.69 

4.75 

0.1520 

0.0033 

0.1783 

31.55 

0.7700 

0.2419 

0.8071 

17.44 

4.80 

0.1532 

0.0925 

0.1790 

31.11 

0.7726 

0.2391 

17.20 

4.85 

0.1544 

0.0016 

0.1796 

30.68 

0.7751 

0.2364 

16.96 

4.00 

0.1556 

0.0908 

0.1802 

30.26 

0.7776 

0.2338 

is  9 

16.74 

4.95 

0.1568 

0.0900 

0.1808 

29.85 

0.7800 

0.2313 

Is  i 

16.52 

5.00 

0.1579 

0.0892 

29.46 

0.7824 

0.2288 

0.8151 

16.30 

5.05 

0.1501 

0.0884 

lift  ,■  -t| 

29.07 

0.7847 

0.2263 

0.8167 

16.00 

5.10 

0.0877 

28.70 

0.7869 

0.2240 

0.8182 

15.89 

5.15 

0.1612 

0.0869 

0.1831 

28.33 

0.7691 

0.2216 

0.8197 

15.69 

5.20 

0.0862 

0.1837 

27.98 

0.7913 

0.2193 

0.8211 

15.49 

5.25 

0.1632 

0.0855 

0.1843 

27. u3 

0.7934 

0.2171 

0.8226 

15.30 

5.30 

0.1642 

0.0847 

0.1848 

27.29 

0.7955 
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0.8968 

7.41 

9.60 

0.2088 

0.0489 

0.2144 

13.18 

0.8899 

0.8973 

7.37 

9.65 

0.2091 

0.2146 

13.10 

0.8905 

0.1144 

0.8978 

7.32 

9.70 

0.2093 

0.0484 

0.2148 

13.02 

0.8911 

0.1138 

0.8983 

7.28 

9.75 

0.2096 

0.0482 

0.2150 

12.94 

0.8916 

0.1132 

0.8988 

7.23 

9.80 

0.2099 

0.0479 

0.2153 

12.86 

0.8922 

0.1126 

0.8993 

7.19 

9.85 

0.2101 

0.2155 

12.79 

0.8928 

0.1120 

0.8998 

7.15 

9.90 

0.2104 

0.2157 

12.71 

0.8933 

0.1114 

0.9002 

7.11 

9,95 

0.2106 

0.0472 

0.2159 

12.64 

0.8939 

0.1108 

0.9007 

7.07 

12.56 

0.8944 

0.1102 

0.9012 

7.03 
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cr  s  0.00 


1.2378 

1.2378 

1.2380 

1.2383 

1.2386 

1.2388 
1.2393 
1.2397 
1 .2402 
1.2407 

1.2413 

1.2419 

1.2425 

1.2432 

1.2440 

1.2448 

1.2457 

1.2466 

1.2476 

1.2487 

1.2498 

1.2609 
1.2621 
1.2533 
1.2545 

1.2558 

1.2671 
1.2584 
1.2597 

1.2610 

1.2623 

1.2636 

1.2648 

1.2661 

1.2672 

1 .2684 
1.2695 
1.2705 
1.2714 
1.2723 

1.2731 

1.2739 

1.2746 

1.2751 
1.2755 

1.2759 
1.2762 

1 .2764 

1.2765 
1.2765 

1.2764 

1.2762 

1.2760 
1.2757 

1.2752 

1.2747 
1.2742 
1.2735 
1.2728 
1.2720 


-9.9958 

-9.0667 

-8.2595 

-7.5560 

-6.9386 

-6.3937 

-5.9104 

-5.4798 

-5.0944 

-4.7482 

-4.4360 
-4.1534 
-3. 
-3.6634 
-3.4502 

-3.2550 

-3.0758 

-2.9110 

-2.7591 

-2.6188 

-2.4889 

-2.3684 

-2.2565 

-2.1525 

-2.0555 


-1.3208 

-1.2755 

-1.2326 

-1.1921 

-1.1538 

-1.1175 

-1.0832 

-1.0507 

-1.0198 

-0.9905 

-0.9627 

-0.9362 

-0.9110 

-0.8871 

-0.8643 

-0.8426 

-0.8218 

-0.8020 

-0.7830 

-0.7650 

-0.7477 

-0.7311 

-0.7152 

-0.7000 

-0.6854 


- i 

/ 

JP 

0.4205 

5.5532 

0.4388 

6.4836 

0.4567 

5.4116 

0.4742 

5.3373 

0.4913 

5.2609 

0.5079 

5.1825 

0.5242 

5.1024 

0.5400 

5.0205 

0.5554 

4.9371 

0.5703 

4.8623 

0.5848 

4.7664 

0.5988 

4.6794 

0.6124 

4.5915 

0.6255 

4.5028 

0.6381 

4.4137 

0.6503 

4.3241 

0.6620 

4.2342 

0.6732 

4.1443 

0.6839 

4.0545 

0.6942 

3.9650  j 

,0.7041 

3.8758 

0.7134 

3.7872 

0.7224 

3.6993 

0.7309 

3.6123  i 

0.7390 

3.5262 

0.7466 

3.4413 

0.7539 

3.3576 

0.7607 

3.2753 

0.7672 

3.1945 

0.7734 

3.1153 

0.7791 

3.0877 

0.7846 

2.9619 

0.7897 

2.8879  1 

6.7945 

2.8158 

0.7990 

2.7457 

0.8033 

2.6775 

0.8073 

2.6112 

0.8110 

2.5470 

0.8146 

2.4848 

0.8179 

2.4247 

0.8210 

2.3665 

0.8239 

2.3102 

0.8267 

2.2560 

0.8293 

2.2038 

0.8318 

2.1531 

0.8342 

2.1044 

0.8364 

2.0575 

0.8385 

2.0124 

0.8405 

1.9669 

0.8424 

1.9270 

0.8443 

1.8867 

0.8460 

1.8479 

0.8477 

1.8106 

0.8493 

1.7746 

0.8509 

1.7400 

0.6524 

1.7066 

0.8539 

1.6745 

0.8553 

1.6436 

0.8566 

1.6138 

0.8580 

1.5851 

-2irX. 

f  X 


0.0039 

0.0042 

0.0045 

0.0048 

0.0052 

0.0056 

0.0061 

0.0066 

0.0072 


0.0159 

0.0173 

0.0190 

0.0207 

0.0227 

0.0247 

0.0270 

0.0294 

0.0320 

0.0348 

0.0378 

0.0410 

0.0444 

0.0479 

0.0517 

0.0557 

0.0599 

0.0642 

0.0687 

0.0734 

0.0783 

0.0833 

0.0885 

0.0938 

0.0992 

0.1048 

0.1104 

0.1161 

0.1219 

0.1278 

0.1337 

0.1396 

0.1456 

0.1516 

0.1576 

0.1636 

0.1696 

0.1755 

0.1815 

0.1874 

0.1933 

0.1991 

0.2049 


1.0052 
1.0063 
1.0075 
1 .0089 
1.0105 

1.0123 

1.0142 

1.0163 

1.0186 

1.0212 

1.0239 
1.0267 
1.0298 
1 .0330 
1.0364 

1.0399 

1.0435 

1.0472 

1.0510 

1.0548 

1.0586 

1.0625 

1.0662 

1.0699 

1.0735 

1.0769 
1.0802 
1 .0833 
1.0862 
1.0889 

1.0014 

1.0936 

1.0956 

1.0974 

1.0980 

1.1002 

1.1013 
1.1022 
1.1028 
1.1033 

1.1036 

1.1037 
1.1037 
1.1036 
1.1033 

1.1030 
1.1025 
1 .1020 

1.1014 
1.1008 

1.1000 

3 


0.0241 

0.0264 

0.0287 

0.0310 

0.0334 

0.0358 

0.0381 

0.0404 

0.0427 

0.0449 

0.0469 

0.0489 

0.0507 

0.0523 

0.0537 

0.0540 

0.0559 

0.0566 

0.0571 

0.0573 

0.0572 

0.0568 

0.0562 

0.0552 

0.0540 

0.0526 

0.0509 

0.0490 

0.0470 

0.0447 

0.0423 

0.0398 

0.0372 

0.0345 

0.0318 

0.0290 

0.0263 

0.0236 

0.0209 

0.0183 

0.0157 

0.0132 

0.0108 

0.0085 

0.0063 

0.0042 

0.0022 

0.0003 

-0.0015 

-0.0033 

-0.0049 

-0.0064 

-0.0079 

-0.0092 

-0.0105 

-0.0117 

-0.0129 

-0.0139 

-0.0149 

-0.0159 


1.0171 

1.0195 

1.0221 

1.0249 

1.0279 

1.0310 

1.0343 

1.0378 

1.0413 

1.0450 

1.0488 

1.0525 

1.0564 

1.0602 

1.0640 

1.0677 

1.0713 

1.0748 

1 .0782 
1.0814 
1.0844 
1.0872 
1.0898 

1.0922 

1.0944 

1.0963 

1.0979 

1.0994 

1.1006 

1.1016 

1.1024 
1.1030 

1.1035 

1.1037 

1.1038 

1.1036 
1.1036 
1.1034 

1.1030 

1.1025 
1.1020 
1.1014 
1.1008 

1.1001 
1 .0993 
1.0986 
1.0978 
1 .0969 

1.0961 

1.0953 

1.0944 

1.0936 

1.0927 


0.22 

0.11 

0.01 

359.92 

359.83 

359.75 

359.67 

359.59 

359.52 

359.45 

359.39 

359.33 

359.27 

359.22 

359.17 
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as  0.00 


-0.0052 

-0.0063 

-0.0075 

-0.0089 

-0.0105 

-0.0123 

-0.0142 

-0.0163 

-0.0186 

-0.0212 

-0.0239 

-0.0267 

-0.0298 

-0.0330 

-0.0364 

-0.0399 

-0.0435 

-0.0472 

-0.0510 

-0.0548 

-0.0586 

-0.0625 

-0.0662 

-0.0699 

-0.0735 

-0.0769 

-0.0802 

-0.0833 

-0.0862 

-0.0889 

-0.0914 

-0.0936 

-0,0956 

-0.0974 

-0.0989 

-0,1002 

-0.1013 

-0.1022 

-0.1028 

-0.1033 

-0.1036 

-0.1037 

-0.1037 

-0.1036 

-0.1033 

-0.1030 

-0.1025 

-0.1020 

-0.1014 

-0.1008 

-0.1000 

-0.0093 

-0.0985 

-0.0977 

-0.0969 

-0.0061 

-0.0952 

-0.0943 

-0.0935 

-0.0926 


-0.0241 

-0.0264 

-0.0287 

-0.0310 

-0.0334 

-0.0358 

-0.0381 

-0.0404 

-0.0427 

-0.0449 

-0.0469 

-0.0489 

-0.0507 

-0.0523 

-0.0537 

-0.0549 

-0.0559 

-0.0566 

-0.0571 

-0.0573 

-0.0572 

-0.0568 

-0.0502 

-0.0552 

-0.0540 

-0.0526 

-0.0509 

-0.0490 

-0.0470 

-0.0447 

-0.0423 

-0.0398 

-0.0372 

-0.0345 

-0.0318 

-0.0290 

-0.0263 

-0,0236 

-0.0209 

-0.0183 

-0.0157 

-0.0132 

-0.0108 

-0.0085 

-0.0063 


0.0247 

0.0271 

0.0297 

0.0323 

0.0350 

0.0378 

0.0407 

0.0436 

0.0466 

0.0496 

0.0526 

0.0557 

0.0588 

0.0618 

0.0649 

0.0679 

0.0708 

0.0737 

0.0765 

0.0793 

0.0819 

0.0844 

.0868 


0.0932 

0.0950 

0.0967 

0.0982 

0.0995 


0.1007 


0.1043 

0.1047 

0.1048 

0.1049 

0.1049 

0.1048 

0.1046 

0.1043 

0.1039 

0.1035 

0.1031 

0.1026 


257.81 

256.57 

255.28 
253.93 

252.53 

251.07 

249.57 
248.01 
246.40 
244.75 

243.05 

241.31 

239.54 
237.72 
236.87 

234.00 

232.09 

230.16 

228.21 

226.25 

224.27 

222.29 

220.30 

218.32 
216.34 

214.37 

212.42 

210.48 

208.57 

206.69 

204.84 

203.02 

201.24 

199.50 

197.80 

196.15 

104.55 
192.99 

191.48 
190.03 

188.62 

187.26 
185.96 

184.70 

183.49 

182.33 
181.22 

180.15 

179.13 

178.14 

177.20 

176.30 

175.43 
174.60 

173.81 

173.04 


0.0122 

0.0140 

0.0177 

0.0211 

0.0249 

0.0292 

0.0340 

0.0393 

0.0451 

0.0515 

0.0585 

0.0661 

0.0743 

0.0831 

0.0925 

0.1025 

0.1131 

0.1243 

0.1361 

0.1483 

0.1611 

0.1744 

0.1880 

0.2020 

0.2163 

0.2309 

0.2457 

0.2608 

0.2756 

0.2906 

0.3056 

0.3205 

0.3352 

0.3498 

0.3642 

0.3782 

0.3920 

0.4055 

0.4188 

0.4313 

0.4436 

0.4556 

0.4672 

0.4783 

0.4891 

0.4994 

0.5094 

0.5190 

0.5283 

0.5372 

0.5457 

0.5539 

0.5618 

0.5694 

0,5767 

0.5837 
0.5904 
0.5969 
0.6032  I 
0.6093  I 


0.0985 

0.1083 

0.1184 

0.1289 

0.1397 

0.1507 

0.1621 

0.1736 

0.1853 

0.1971 

0.2091 

0.2210 

0.2329 

0.2448 

0.2565 

0.2680 

0.2793 

0.2903 

0.3009 

0.3111 

0.3209 

0.3301 

0.3388 

0.3470 

0.3545 

0.3613 

0.3675 

0.3731 

0.3779 

0.3821 

0.3856 

0.3885 

0.3907 

0.3923 

0.3934 

0.3939 

0.3939 

0.3934 

0.3924 

0.3911 

0.3894 

0.3874 

0.3851 

0.3828 

0.3798 

0.3788 

0,3737 

0.3705 

0.3671 

0.3637 

0.3602 

0.3567 

0.3531 

0.3495 

0.3459 

0.3423 

0.3388 

0.3352 

0.3317 

0,3283 


0.0993 

0.1093 

0.1197 

0.1306 

0.1419 

0.1535 

0.1656 

0.1780 

0.1907 

0.2038 

0.2171 

0.2307 

0.2445 

0.2585 

0.2727 

0.2870 

0.3013 

0.3158 

0.3302 

0.3447 

0.3591 

0.3734 

0.3875 

0.4015 

0.4153 

0.4288 

0.4421 

0.4551 

0.4677 

0.4801 

0.4920 

0.5036 

0.5148 

0.5256 

0.5361 

0.5461 

0.5557 

0.5649 

0.5738 

0.5822 

0.5903 

0.5980 

0.6064 

0.6125 

0.6192 

0.6257 

0.6318 

0.6377 

0.6433 

0.6487 

0.6539 

0.6588 

0.6635 

0.6681 

0.6725 

0.6767 


30.39 

29.85 

29.32 
28.81 

28.32 
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1.S228 

.2213 

.2198 

.2184 

.2169 

1.2155 

1.2141 

1.2127 

1.2113 

1.2099 

1.2086 

1.2072 

1.2059 

1.2045 

1.2032 

1.2019 

1.2006 

1.1994 

1.1981 

1.1968 

1.1956 
1.1944 
1.1932 
1.1920 
1 .1908 


-0.6714 

-0.6579 

-0.6450 

-0.6325 

-0.6206 

-0.6090 

-0.5979 

-0.5872 

-0.5768 

-0.5668 

-0.5571 

-0.5478 

-0.5387 

-0.5300 

-0.5215 

-0.5133 

-0.5053 

-0.4976 

-0.4901 

-0.4828 

-0.4757 

-0.4688 

-0.4621 

-0.4556 

-0.4493 

-0.4431 

-0.4371 

-0.4312 

-0.4255 

-0.4200 

-0.4145 

-0.4092 

-0.4041 

-0.3990 

-0.3941 

-0.3892 

-0.3845 

-0.3799 

-0.3754 

-0.3710 

-0.3667 

-0.3625 

-0.3563 

-0.3543 

-0.3503 

-0.3465 

-0.3427 

-0.3389 

-0.3353 

-0.3317 

-0i3282 

-0.3248 

-0.3214 

-0.3181 

-0.3149 

-0.3117 

-0.3086 

-0.3055 

-0.3025 

-0.2996 


0.8593 

0.8605 

0.8618 

0.8630 

0.8642 

0.8653 

0.8665 

0.8676 

0.8687 

0.8696 

0.8708 

0.8719 

0.8729 

0.8739 

0.8749 

0.8759 

0.8769 

0.8778 

0.8788 

0.8797 

0.8807 

0.8816 

0.8625 

0.8834 

0.8843 

0.8862 

0.8860 

0.8869 

0.8877 

0.8886 

0.8894 

0.8902 

0.8910 

0.8918 

0.8926 

0.8934 

0.8941 

0.8949 

0.8966 

0.8964 

0.8971 

0.8978 

0.8985 

0.8992 

0.8999 

0.9006 

0.9013 

0.9020 

0.9026 

0.9033 

0.9039 

0.9045 

0.9052 

0.9058 

0.9064 


1.5574 
1.5306 
1.5048 
1 .4799 
1.4559 

1.4326 
1 .4101 
1.3884 
1.3674 
1.3470 

1.3273 

1.3081 

1.2896 

1.2718 

1.2541 

1.2372 

1.2207 

1.2047 

1.1891 

1.1739 

1.1591 


KWfTi/B 


1.1171 

1.1037 

1.0907 

1.0780 

1.0656 

1.0535 

1.0417 

1.0301 

1.0188 

1.0077 

0.9969 

0.9863 

0.9759 

0.9658 

0.9558 

0.9480 

0.9385 

0.9271 

0.9170 

0.9089 

0.9000 

0.8913 

0.8628 

0.8744 

0.8662 

0.8582 

0.8502 

0.8425 

0.8348 

0.8273 

0.8199 

0.8127 

0.8056 

0.7985 

0.7916 

0.7849 

0.7782 


0.2107 

0.2164 

0.2221 

0.2277 

0.2332 

0.2387 

0.2441 

0.2495 

0.2548 

0.2600 

0.2652 

0.2703 

0.2754 

0.2804 

0.2853 

0.2902 

0.2950 

0.2998 

0.3045 

0.3092 

0.3138 

0.3183 

0.3228 

0.3272 

0.3316 

0.3360 

0.3403 

0.3445 

0.3487 

0.3529 

0.3670 

0.3610 

0.3650 

0.3690 

0.3730 

0.3768 

0.3807 

0.3845 

0.3883 

0.3920 

0.3957 

0.3994 

0.4030 

0.4066 

0.4101 

0.4136 

0.4171 

0.4205 

0.4239 

0.4273 

0.4306 

0.4340 

0.4372 

0.4405 

0.4437 

0.4468 

0.4500 

0.4531 

0.4562 

0.4592 


1.0875 

1.0867 

1.0859 

1.0851 

1.0843 

1.0836 

1.0828 

1.0820 

1.0813 

1.0806 

1.0798 

1.0791 

1.0784 

1.0778 

1.0771 

1.0764 

1.0757 

1.0751 

1.0745 

1.0738 

1.0732 

1.0726 

1.0720 

1.0714 

1.0708 

1.0702 

1.0697 

1.0691 

1.0685 

1.0680 

1.0675 

1.0669 

1.0664 

1.0659 

1.0654 

1.0649 

1.0644 

1.0639 

1.0634 

1.0629 

1.0624 

1.0620 

1.0615 

1.0611 

1.0606 

1.0602 
1.0597 
1.0593 
1.0569 
1 .0584 


-0.0167 

-0.0176 

-0.0184 

-0.0191 

-0.0198 

-0.0204 

-0.0210 

-0.0216 

-0.0222 

-0.0227 

-0.0231 

-0.0236 

-0.0240 

-0.0244 

-0.0248 

-0.0252 

-0.0255 

-0.0258 

-0.0261 

-0.0264 

-0,0267 

-0.0269 

-0.0272 

-0.0274 

-0.0276 

-0.0278 

-0.0280 

-0.0282 

-0.0283 

-0.0285 

-0.0286 

-0.0268 

-0.0289 

-0.0290 

-0.0291 

-0.0292 

-0.0293 

-0.0294 

-0.0295 

-0.0296 

-0.0297 

-0.0297 

-0.0298 

-0.0298 

-0.0299 

-0.0299 

-0.0300 

-0.0300 

-0.0300 

-0.0300 


-0.0301 


1.0706 

1.0701 


1.0606 

1.0602 

1.0597 

1.0593 

1.0589 


359.12 

359.08 

359.04 

359,00 

358.96 

358.92 

358.89 

358.86 

358.83 

358.80 

358.78 

358.75 

358.73 

358.71 

358.66 

358.66 

358.65 

358.63 

358.61 

358.60 

358.58 

358.57 

358.55 

358.54 

358.53 

358.52 

358.50 

358.49 

358.48 

358.48 

358.47 

358.46 

358.45 

358.44 

358.44 

358.43 

358.42 

358.42 

358.41 

358.41 

358.40 

358.40 

358.40 

358.39 

358.39 

358.39 

358.38 

358.38 

358.38 

358.38 

358.38 

358.38 

358.37 

358.37 

358.37 

358.37 

358.37 

358.37 

358.37 

358.37 
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tr*  0.00 


l+VFiO 


-o.ooia 

-0.0900 

-0.0001 

-0.0802 

-0.0884 

-0.0875 

-0.0867 

-0.0850 

-0.0851 

-0.0843 

-0.0836 

-0.0828 

-0.0820 

-0.0813 

-0.0806 

-0.0706 

-0.0701 

-0.0784 

-0.0778 

-0.0771 

-0.0764 

-0.0757 

-0.0751 

-0.0745 

-0,0738 

-0.0732 

-0.0726 

-0.0720 

-0.0714 

-0.0708 


-0.0680 

-0.0675 

-0.0660 

-0.0664 

-0.0659 

-0.0654 


-0.0624 

-0.0620 

-0.0615 

-0.0611 

-0.0606 

-0.0602 

-0.0597 

-0.0503 

-0.0589 

-0.0584 

-0.0580 

-0.0576 

-0.0572 

-0.0568 

-0.0564 


0.0167 

0.0176 

0.0184 

0.0101 

0.0108 

0.0204 

0.0210 

0.0216 

0.0222 

0.0327 

0.0231 

0.0236 

0.0240 

0.0244 

0.0248 

0.0262 

0.0255 

0.0258 

0.0261 

0.0264 


0.0286 

0.0288 

0.0289 

0.0290 

0.0291 

0.0202 

0.0293 

0.0294 

0.0295 

0.0296 

0.0207 

0.0297 

0.0298 

0.0298 

0.0209 

0.0299 

0.0300 

0.0300 

0.0300 

0.0300 

0.0300 

0.0301 

0.0301 

0.0301 

0.0301 

0.0301 

0.0301 

0.0301 

0.0301 

0.0300 


0.0933 

0.0926 

0.0919 

0.0912 

0.0906 

0.0899 

0.0892 

0.0886 

0.0880 

0.0873 

0.0867 

0.0861 

0.0855 

0.0649 

0.0843 

0.0837 

0.0831 

0.0826 

0.0820 

0.0815 

0.0809 

0.0804 

0.0709 

0.0793 

0.0788 

0.0783 

0.0778 

0.0773 

0.0768 

0.0763 

0.0759 

0.0754 

0.0749 

0.^0744 

0.0740 

0.0735 

0.0731 

0.0726 

0.0722 

0.0718 

0.0713 

0.0709 

0.0705 

0.0701 

0.0696 

0.0692 

0.0688 

0.0684 

0.0680 

0.0676 

0.0673 

0.0660 

0.0665 

0.0661 

0.0657 

0.0654 

0.0650 

0.0646 

0.0643 

0.0639 


169.66 

169.06 

168.48 

167.92 

167.39 

166.87 
166.37 

165.88 
165.41 

164.96 

164.52 

164.09 

163.68 

163.28 

162.89 

162.51 

162.14 

161.78 

161.43 
161.08 

160.75 

160.43 
160.11 

159.80 
169.50 

159.20 
158.91 

158.63 
158.35 
158.08 

157.81 

157.55 
157.30 
157.05 

158.80 

156.56 
156.33 
156.09 
155.87 
155.65 

155.43 

155.21 
155.00 

154.80 

154.60 

154.40 
154.20 
154.01 
153.83 

153.64 

153.46 

153.28 

153.11 
152.94 
152.77 

152.60 

152.44 

152.28 

152.12 

151.97 


0.6161 

0.6207 

0.6262 

0.6314 

0.6365 

0.6414 

0.8462 

0.8508 

0.8553 

0.6597 

0.6639 

0.6680 

0.6720 

0.6759 

0.8797 

0.6834 

0.6871 

0.6906 

0.6940 

0.6974 

0.7007 

0.7039 

0.7070 

0.7101 

0.7131 

0.7161 

0.7190 

0.7218 

0.7246 

0.7273 

0.7300 

0.7326 

0.7352 

0.7377 

0.7401 

0.7426 

0.7450 

0.7473 

0.7496 

0.7519 

0.7541 

0.7562 

0.7584 

0.7605 

0.7626 

0.7646 

0.7666 

0.7686 

0.7705 

0.7724 

0.7T4S 

0.7761 

0.7779 

0.7797 

0.7814 


MAS.  \MODUWS 


0.3249 

0.3215 

0.3182 

0.3149 

0.3117 


0.3085 

0.3054 

0.3024 

0.2994 

0.2965 

0.2936 

0.2908 

0.2880 

0.2853 

0.2626 

0.2800 

0.2774 

0.2749 

0.2724 

0.2700 

0.2676 

0.2653 

0.2630 

0.2607 

0.2585 

0.2563 

0.2542 

0.2521 

0.2500 

0.2480 

0.2460 

0.2440 

0.2420 

0.2401 

0.2382 

0.2364 

0.2345 

0.2327 

0.2310 

0.2292 

0.2275 

0.2258 

0.2241 

0.2224 

0.2208 

0.2192 

0.2176 

0.2160 

0.2145 

0.2129 

0.2114 

0.2099 

0.2085 

0.2070 

0.2056 

0.2042 

0.2028 

0.2014 

0.2000 

0.1987 


■imesf 


27.84 

27.38 

26.94 

26.51 

26.09 


0.7703 

0.7722 

0.7740 

0.7758 

0.7775 

0.7793 

0.7810 

0.7827 

0.7844 

0.7860 

0.7876 

0.7892 

0.7908 

0.7924 

0.7939 

0.7954 

0.7969 

0.7983 

0.7998 

0.8012 

0.8026 

0.8040 

0.8054 

0.8067 

0.8080 

0.8093 

0.8106 

0.8119 

0.8132 

0.8144 
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1.1896 
1.18BS 
1.1873 
1.1862 
1-.1850 

1.1839 
1.1828 
1.1817 
1.1807 
1 .1796 

1.1786 
1.1775 
1.1765 
1.1754  - 
1.1744  ~ 

1.1734  - 
1.1724  - 
1.1715  - 
1.1705  - 

1.1695  - 

1.1686  - 
1.1676  - 
1.1667  - 
1.1658  - 
1.1649  - 

1.1640  -I 


1.1515 

1.1507 

1.1499 

1.1492 

1.1484 

1.1477 

1.1469 

1.1462 

1.1455 

1.1448 

1.1441 

1.1434 

1.1427 

1.1420 

1.1413 

1.1406 

1.1400 

1.1393 

1.1386 

1.1380 


-0.2987 

-0.2938 

-0.2910 

-0.2883 

-0.2856 

-0.2830 

-0.2804 

-0.2778 

-0.2753 

-0.2728 


\Hm\ 


1.1613 

1.1605 


-0.2704 

-0.2680 

-0.2657 

-0.2634 

-0.2611 

-0.2589 

-0.2567 

-0.2545 

-0.2524 

-0.2503 

-0.2482 

-0.2462 

-0.2442 

-0.2422 

-0.2403 

-0.2384 

-0.2365 

-0.2347 

-0.2328 

-0.2311 

-0.2293 

-0.2275 

-0.2258 

-0.2241 

-0.2225 

•0.2208 

-0.2192 

-0.2176 

-0.2160 

-0.2145 

-0.2129 

-0.2114 

-0.2099 

-0.2085 

-0.2070 

-0.2056 

-0.2042 

-0.2028 

-0.2014 

-0.2001 

-0.1987 

-0.1974 

-0.1961 

-0.1948 

-0.1935 

-0.1923 

-0.1910 

-0.1898 

-0.1886 

-0.1874 


0.9126 

0.9132 

0.9137 

0.9142 

0.9147 

0.9152 

0.9157 

0.9162 

0.9167 

0.9172 

0.9176 

0.9181 

0.9186 

0.9190 

0.9195 

0.9199 

0.9204 

0.9208 

0.9213 

0.9217 

0.9221 

0.9225 

0.9230 

0.9234 

0.9238 

0.9242 

0.9246 

0.9250 

0.9254 

0.9257 

0.9261 

0.9265 

0.9269 

0.9273 

0.9276 

0.9280 

0.9283 

0.9287 

0.9291 

0.9294 

0.9298 

0.9301 

0.9304 

0.9308 

0.9311 


0.9340 

0.9343 


0.7404 

0.7344 

0.7286 

0.7228 

0.7171 

0.7115 

0.7060 

0.7006 

0.6952 

0.6900 

0.6848 

0.6797 

0.6746 

0.6697 

0.8648 

0.6599 

0.6552 

0.6505 

0.6459 

0.6413 

0.6388 

0.6324 

0.6280 

0.6237 

0.6194 

0.6152 

0.6111 

0.6070 

0.6030 

0.5990 

0.5950 

0.5912 

0.5873 

0.5835 

0.5798 

0.5761 

0.5725 

0.5689 

0.5653 

0.5618 

0.5583 

0.5549 

0.5515 

0.5482 

0.5449 

0.5416 

0.5384 

0.5352 

0.5321 

0.5289 

0.5259 

0.5228 

0.5198 

0.5168 

0.5139 


0.4623 

0.4652 

0.4682 

0.4711 

0.4740 

0.4769 

0.4798 

0.4826 

0.4854 

0.4882 

0.4909 

0.4936 

0.4963 

0.4990 

0.5016 

0.5042 

0.5068 

0.5093 

0.5119 

0.5144 

0.5169 

0.5193 

0.5218 

0.5242 

0.5266 

0.5290 

0.5313 

0.5337 

0.5360 

0.5383 

0.5405 

0.5428 

0.5450 

0.5472 

0.5494 

0.5515 

0.5537 

0.5558 

0.5579 

0.5600 

0.5621 

0.5641 

0.5662 

0.5682 

0.5702 

0.5722 

0.5741 

0.5761 

0.5780 

0.5799 

0.5818 

0.5837 

0.5855 

0.5874 

0.5892 

0.5910 


1.0542 

1.0538 

1.0534 

1.0531 

1.0527 


1.0507 

1.0504 

1.0501 

1.0498 

1.0495 

1.0492 

1.0489 

1.0486 

1.0483 

1.0480 

1.0477 

1.0474 

1.0472 

1.0469 

1.0466 

1.0463 

.0461 

.0458 

.0455 

1.0453 

1.0450 

1.0448 

1.0445 

1.0443 

1.0440 

1.0438 
1.0435 
1 .0433 
1.0431 
1.0428 

1.0426 

1.0424 

1.0422 

1.0419 

1.0417 

1.0415 

1.0413 

1.0411 

1.0409 

1.0406 

1.0404 

1.0402 

1.0400 

1.0398 

1.0396 


-0.0300 

-0.0300 

-0.0300 

-0.0300 

-0.0299 

-0.0299 

-0.0299 

-0.0298 

-0.0298 

-0.0298 

-0.0297 

-0.0297 

-0.0296 

-0.0296 

-0.0296 

-0.0295 

-0.0295 

-0.0294 

-0.0294 

-0.0293 

-0.0293 

-0.0292 

-0.0292 

-0.0291 

-0.0290 

-0.0290 

-0.0289 

-0.0289 

-0.0288 

-0.0288 

-0.0287 

-0.0286 

-0.0286 

-0.0285 

-0.0284 

-0.0284 

-0.0283 

-0.0283 

-0.0282 

-0.0281 

-0.0281 

-0.0280 

-0.0279 

-0.0279 

-0.0278 

-0.0277 

-0.0277 

-0.0276 

-0.0275 

-0.0275 

-0.0274 

-0.0273 

-0.0273 

-0.0272 

-0.0271 

-0.0271 

-0.0270 

-0.0269 

-0.0268 

-0.0268 


.0528 

.0525 

.0521 

.0518 

1.0515 

1.0512 

.0508 

.0505 

.0502 

.0499 

1.0496 

1.0493 


1.0481 

1.0478 

1.0476 

1.0473 

1.0470 


1.0444 

1.0442 

1.0439 

1.0437 

.0434 

.0432 

1.0430 

1.0427 

1.0425 

1.0423 

1.0421 

1.0419 

1.0416 

1.0414 

1.0412 

1.0410 

.0 
.0 
.0 
1.0402 
1.0400 


358.37 

356.37 

358.37 

358.37 

358.37 

358.38 

358.38 

358.38 

358.38 

358.38 

358.38 

358.38 

358.39 

358.39 

358.39 

358.39 

358.39 

358.40 

358.40 

358.40 

358.40 

358.40 

358.41 

358.41 

358.41 

358.42 

358.42 

358.42 
358^42 

358.43 

358.43 

358.43 

358.44 

358.44 

358.44 

358.44 

356.45 

358.45 

358.45 

358.46 

358.46 

358.46 

358.47 

358.47 

358.47 

358. 
358. 

358.48 

358.49 

358.49 

358.49 

358.50 

358.50 

358.50 

358.51 

358.51 

358.51 

358.52 

358.52 

358.52 


1.1373  I -0.1862  I  0.9346  I  0.5110  I  0.5999  I  1.0394  j-0.0267  I  1.0398  f  358.53 
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2 


rr  0.00 


-0.0560 

-0.0557 

-0.0553 

-0.0549 

-0.0545 

-0.0542 

-0.0538 

-0.0534 

-0.0531 

-0.0527 

-0.0524 

-0.0521 

-0.0517 

-0.0514 

-0.0511 

-0.0507 

-0.0504 

-0.0501 

-0.0498 

-0.0495 

-0.0492 

-0.0489 

-0.0486 

-0.0483 

-0.0480 

-0.0477 

-0,0474 

-0.0472 

-0.0469 

-0.0466 

-0.0463 

-0.0461 

-0.0458 

-0.0455 

-0.0453 

-0.0450 

-0.0448 

-0.0445 

-0.0443 

-0.0440 

-0.0438 

-0.0435 

-0.0433 

-0.0431 

-0.0428 

-0.0426 
-0.0424 
-0.0422 
-0.0419  I 
-0.0417 

-0,0415 

-0.0413 

-0.0411 

-0.0409 

-0.0406 

-0.0404 

-0.0402 

-0.0400 

-0.0308 

-0.0306 


0.0300 

0.0300 

0.0300 

0.0300 

0.0299 

0.0299 

0.0200 

0.0298 

0.0298 

0.0298 

0.0297 

0.0297 

0.0296 

0.0206 

0.0206 

0.0295 

0.0205 

0.0204 

0.0294 

0.0293 

0.0293 

0.0292 

0.0292 

0.0291 

0.0290 

0.0200 

0.0289 

0.0289 

0.0288 

0.0288 

0.0287 

0.0286 

0.0286 

0.0285 

0.0284 

0.0284 

0.0283 

0.0283 

0.0282 

0.0281 

0.0281 

0.0280 

0.0279 

0.0279 

0.0278 

0.0277 

0.0277 

0.0276 

0.0275 

0.0275 

0,0274 

0.0273 

0.0273 

0.0272 

0,0271 

0.0271 

0.0270 

0.0269 

0.0268 

0.0268 


0.0636 

0.0632 

0.0629 

0.0625 

0.0622 

0.0619 
0.0615 
0.0612 
.0609 
.0606 

0.0602 

0.0590 

0.0596 

0.0593 

0.0590 

0.0587 
0.0584 
0.0581 
.0578 
.0575 


0.0558 

0.0556 

0.0553 

0.0550 

0.0548 

0.0545 

0.0542 

0.0540 

0.0537 

0.0535 

0.0532 

0.0530 

0.0527 

0.0525 

0.0522 

0.0520 

0.0518 

0.0515 

0.0513 

0.0511 

0.0508 

0.0506 

0.0504 

0.0502 

0.0499 

0.0497 

0.0495 

0.0493 

0.0491 

0.0489 


0.0478 


151.82 
151.67 

151.52 
151.38 

151.24 

151.10 

150.96 

150.83 

150.69 

150.56 

150.43 
150.31 

150.18 
150.06 

149.94 

149.82 

149.70 

149.59 
149.47 
149.36 

149.25 

149.14 
149.04 
148.93 

148.83 

148.72 
148.62 

148.52 

148.43 
148.33 

148.23 

148.14 
148.05 

147.96 

147.87 

147.78 
147.69 

147.60 

147.52 

147.43 

147.35 
147.27 

147.19 

147.11 
147.03 

146.95 

146.87 

146.79 

146.72 
146.64 

146.57 
146.50 

146.43 

146.36 
146.29 

146.22 

146.15 
146.08 
146.01 

145.95 


0.6127 

0.8139 

0.8152 

0.8164 

0.8176 

0.8188 

0.8200 

0.8211 

0.8223 

0.8234 

0.8245 

0.8256 

0.8267 

0.8278 

0.8289 

0.8299 

0.8310 

0.8320 

0.8330 

0.8340 

0.8350 

0.8360 

0.8369 

0.8379 

0.8388 

0.8397 

0.6407 

0.8416 

0.8425 

0.8434 

0.8442 

0.8451 

0.8460 

0.8468 

0.8476 

0.8485 

.8493 

.8501 

.8509 

.8517 


0.1910 

0.1897 

0.1885 

0.1873 

0.1861 

0.1849 

0.1838 

0.1826 

0.1815 

0.1804 

0.1793 

0.1782 

0.1771 

0.1760 

0.1750 

0.1739 
0.1729 
0.1719 
.1709 
.1699 


0.1596 

0.1587 


0.1553 

0.1545 

0.1536 

0.1528 

0.1520 

0.1512 
0.1504 
0. 

0. 

0.1481 


<0.0394  0.0267  0.0476  145.88 


0.8156 

0.8168 

0.6180 

0.8192 

0.8204 

0.8215 

0.8226 

0.6238 

0.8249 

0.8259 

0.6270 

0.8281 

0.8291 

0.8302 

0.8312 

0.8322 

0.8332 

0.8342 

0.8352 

0.8361 

0.8371 

0.8380 

0.8389 

0.8399 

0.8408 

0.8417 

0.8425 

0.6434 

0.8443 

0.8451 

0.8460 

0.6468 

0.8477 

0.8485 

0.8493 

0.8501 

0.8500 

0.8517 

0.8525 

0.6532 

0.8540 

0.8547 

0.8555 

0.8562 

0.8570 

0.8577 

0.8584 

0.8591 

0.8598 

0.8605 

0.8612 

0.8619 

0.8625 

0.8632 

0.8639 

0.8645 

0.8652 

0.8658 

0.8684 

0.8671 

0.8677 
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O'  «  0.25 


a 

/ 

^'7 

t  X 

- 

■V 

i^EAL 

IMAG. 

X 

REAL 

IMA6. 

MCXVLUS 

m'imm 

1.00 

1.1069 

-7.9872 

0.4670 

5.4725 

0.0042 

1.0052 

0.0146 

1.0053 

0.83 

1.05 

1.1073 

-7.2421 

0.4870 

5.3955 

0.0045 

1.0063 

0.0158 

1.0064 

0.90 

1.10 

1.1077 

-6.5961 

0.5065 

5.3160 

0.0049 

0.0171 

1.0077 

0.97 

1.15 

1.1082 

-6.0323 

0.5255 

5.2341 

0.0053 

■Hi  •LLI 

0.0183 

1.0091 

1.04 

1.20 

1.1087 

-5.5373 

0.5441 

5.1498 

0.0058 

1.0105 

0.0194 

1.0106 

1.10 

1.25 

1.1093 

-5.1003 

0.5622 

5.0635 

0.0063 

1.0122 

0.0205 

1.0124 

1.16 

1.30 

-4.7125 

0.5797 

4.9751 

0.0069 

0.0215 

1.0143 

1.22 

1.35 

-4.3668 

0.5967 

4.8850 

0.0076 

EEIul 

0.0224 

1.0163 

1.26 

1.40 

1.1116 

-4.0573 

0.6132 

4.7932 

0.0083 

0.0232 

1.0186 

1.30 

1.45 

1.1126 

-3.7790 

0.6292 

4.7000 

0.0091 

1.0207 

0.0238 

1.0210 

1.33 

1.50 

1.1136 

-3.5280 

0.6446 

4.6055 

0.0100 

1.0232 

0.0242 

1.0235 

1,35 

1.55 

1.1148 

-3.3007 

0.6595 

4.5098 

0.0110 

■H'm-l 

0.0244 

1.0262 

1.36 

1.60 

1.1160 

-3.0942 

0.6738 

4.4132 

0.0121 

0.0243 

1.0290 

1.35 

1.65 

1.1174 

-2.9061 

0.6875 

4.3157 

0.0134 

1.0316 

0.0240 

1.0318 

1.33 

1.70 

1.1189 

-2.7342 

0.7007 

4.2177 

0.0147 

1.0345 

0.0234 

1.0348 

1,30 

1.75 

1.1205 

-2.5767 

0.7134 

4.1193 

0.0163 

1.0375 

0.0226 

1.0378 

1.25 

1.80 

1.1222 

-2.4321 

0.7254 

4.0207 

0.0179 

1.0405 

0.0214 

1.0408 

1.18 

1.85 

1.1240 

-2.2989 

0.7369 

3.9220 

0.0198 

1.0436 

0.0198 

1.0437 

1.09 

1.90 

1.1259 

-2.1761 

0.7478 

3.8235 

0.0219 

1.0485 

0.0180 

1.0466 

0.99 

1.95 

1.1280 

-2.0626 

0.7582 

3.7252 

0.0241 

1.0493 

0.0158 

1.0495 

0.86 

1.1302 

-1.9575 

0.7680 

3.6276 

0.0266 

1 .0520 

0.0133 

1.0521 

0,72 

2.05 

1.1325 

-1.8599 

0.7773 

3.5308 

0.0293 

1.0545 

0.0105 

1.0546 

0.57 

2.10 

1.1349 

-1.7693 

0.7861 

3.4345 

0.0322 

1.0568 

0.0074 

0.40 

2.15 

1.1373 

-1.6850 

0.7943 

3.3395 

0.0355 

1.0589 

0.0040 

0.22 

2.20 

1.1399 

-1.6065 

0.6020 

3.2459 

0.0389 

1.0606 

0.0004 

1  sH 

0.02 

2.25 

1.1426 

-1.5332 

0.8092 

3.1536 

0.0427 

1.0621 

-0.0034 

1.0621 

359.82 

2.30 

1.1453 

-1.4648 

0.8159 

3.0630 

0.046? 

1.0632 

-0.0074 

1.0632 

359.60 

2.35 

1.1481 

-1.4008 

0.8221 

2.9742 

0.0511 

1.0639 

-0.0114 

1.0640 

359.38 

2.40 

1.1509 

•1.3409 

0.8279 

2.8874 

0.0557 

1.0643 

-0.0156 

1.0644 

359.16 

2.45 

1.1537 

-1.2849 

0.8333 

2.8026 

0.0607 

1.0643 

-0.0198 

1.0645 

358.94 

2.50 

1.1566 

-1.2323 

0.8382 

2.7200 

0.0659 

1.0640 

-0.0239 

1.0642 

358.71 

2.55 

1.1594 

-1.1830 

0.8428 

2.6397 

0.0714 

1.0633 

-0.0280 

1.0636 

358.49 

2.60 

1.1622 

-1.1367 

0.8470 

2.5619 

0.0772 

1.0623 

-0.0320 

1.0627 

358.27 

2.65 

1.1649 

-1.0932 

0.8509 

2.4865 

0.0832 

1.0609 

-0.0359 

1.0616 

358.06 

2.70 

1.1676 

-1.0523 

0.8544 

2.4136 

0.0895 

1.0594 

-0.0396 

1.0601 

357.86 

2.75 

1.1703 

-1.0139 

0.8577 

2.3433 

0.0960 

1.0575 

-0.0432 

1.0584 

357.66 

2.80 

1.1728 

-0.9777 

0.8607 

2.2755 

0.1027 

1.0555 

-0.0465 

1.0565 

357.48 

2.85 

1.1752 

-0.9436 

0.8635 

2.2102 

0.1097 

1.0532 

-0.0406 

1.0544 

357.30 

2.90 

1.1776 

-0.9114 

0.8660 

2.1475 

0.1168 

1.0508 

-0.0525 

1.0521 

357.14 

2.95 

1.1798 

-0.8811 

0.8684 

2.0873 

0.1240 

1.0483 

-0.0552 

1.0497 

356.99 

3.00 

1.1819 

-0.8524 

0.8705 

2.0295 

0.1314 

1.0457 

-0.0576 

1.0473 

356.84 

3.05 

1.1839 

-0.8254 

0.8725 

0.1389 

1 .0430 

-0.0599 

1.0447 

356.71 

3.10 

1.1867 

-0.7998 

0.8744 

0.1465 

1.0402 

-0.0619 

1.0421 

356.59 

3.15 

1.1874 

-0.7756 

0.8761 

0.1541 

1.0375 

-0.0637 

1.0394 

356.49 

3.20 

1.1890 

-0.7526 

0.8777 

1.8215 

0.1616 

1 .0347 

-0.0653 

1.0367 

356.39 

3.25 

1.1904 

-0.7309 

0.8792 

0.1695 

1.0319 

-0.0668 

1.0341 

356.30 

3.30 

1.1917 

-0.7103 

0.8806 

0.1772 

1.0292 

-0.0680 

356.22 

3.35 

1.1929 

-0.6907 

0.8819 

0.1649 

1.0265 

-0.0691 

1.0288 

356.15 

3.40 

1.1940 

-0.6721 

0.8832 

1.6469 

0.1926 

1.0238 

-0.0701 

356.08 

3.45 

1.1949 

-0.6544 

0.8844 

1.6079 

0.2003 

1.0212 

-0.0709 

1.0236 

356.03 

3.50 

1.1957 

-0.6376 

0.8855 

1.5705 

0.2079 

1.0186 

-0.0716 

1.0211 

355.98 

3.55 

1.1964 

-0.6215 

0.8865 

1.5347 

0.2155 

1.0161 

-0.0722 

1.0186 

355.93 

3.60 

1.1970 

-0.6063 

0.8876 

0.2230 

1.0136 

-0.0727 

1.0162 

355.90 

3.65 

1.1975 

-0.5917 

0.8886 

1.4676 

0.2305 

1.0112 

-0.0731 

1.0139 

355.87 

3.70 

1.1978 

-0.5778 

0.8895 

1.4361 

0.2378 

1.0089 

-0.0734 

1.0116 

355.84 

3.75 

1.1981 

-0.5645 

0.8904 

wmm 

0.2451 

1 .0067 

-0.0736 

1.0093 

355.82 

3.80 

1.1983 

-0.5517 

0.8913 

1.3770 

0.2523 

-0.0738 

1.0072 

355.80 

3.85 

1.1984 

-0.5396 

0.8922 

1.3493 

0.2594 

Kf ' '  '<■ 

-0.0739 

BflTrll 

355.78 

3.90 

1.1984 

-0.5279 

0.8930 

1.3226 

0.2664 

n  i.  ••3 

-0.0740 

1  h^ItvI 

355.77 

3.95 

1.1983 

-0.5167 

0.8939 

1.2970 

0.2734 

0.9983 

-0.0740 

355.76 

D 

l+VF,o 

REAL 

IMAG. 

MODULUS 

\WiSSSM 

REAL 

IMAG. 

MODULUS 

\msmm 

1.00 

-0.0052 

-0.0146 

0.0155 

250.32 

0.0134 

0.1079 

0.1087 

82.94 

1.05 

-0.0063 

-0.0158 

0.0170 

248.31 

0.0162 

0.1186 

0.1197 

82.22 

1.10 

-0.0075 

-0.0171 

0.0186 

246.21 

0.0195 

0.1297 

0.1311 

81.47 

1.15 

-0.0089 

-0.0183 

0.0203 

244.02 

0.0232 

0.1412 

0.1431 

80.68 

1.30 

-0.0105 

-0.0104 

0.0221 

241.73 

0.0274 

0.1531 

0.1555 

79.86 

1.25 

-0.0122 

0.0239 

239.35 

0.0321 

0.1652 

0.1683 

79.01 

1.30 

-0.0140 

-0.0215 

0.0257 

236.89 

0.0374 

0,1777 

0.1816 

78.12 

1.35 

-0.0161 

-0.0224 

0.0276 

234.34 

0.0432 

0.1904 

0.1953 

77.21 

1.40 

-0.0183 

-0.0232 

0.0295 

231.70 

0.0497 

0,2033 

78.26 

1.45 

-0.0207 

-0.0238 

0.0315 

228.97 

0.0569 

0,2164 

0.2238 

75.28 

1.50 

-0.0232 

-0.0242 

0.0335 

226.17 

0.0647 

0.2296 

0.2385 

74.27 

1.55 

-0.0259 

-0.0244 

0.0355 

223.28 

0.0732 

0,2428 

0.2535 

73.23 

1.60 

-0.0287 

-0.0243 

0.0376 

220.32 

0.0824 

0.2559 

0.2680 

72.16 

1.65 

-0.0316 

0.0397 

217.29 

0.0923 

0.2690 

0.2844 

71.07 

1.70 

-0.0345 

-0.0234 

0.0417 

214.18 

0.1029 

0.2820 

0.3002 

69.95 

1.75 

-0.0375 

-0.0226 

0.0438 

211.01 

0.1143 

0.2947 

0.3161 

68.80 

1.60 

-0.0405 

-0.0214 

0.0458 

207.78 

0.1264 

0.3071 

67.64 

1.85 

-0.0436 

-0.0198 

0.0479 

204.60 

0.1391 

0.3192 

0.3482 

66,45 

1.00 

-0.0465 

-0.0180 

0.0499 

201.16 

0.1526 

0.3308 

0.3643 

65.24 

1.95 

-0.0493 

-0.0158 

0.0518 

197.77 

0.1667 

0.3420 

0.3804 

64.02 

2.00 

-0.0520 

-0.0133 

0.0537 

194.35 

0.1814 

0.3525 

0.3965 

62.78 

2.05 

-0.0545 

-0.0105 

0.0555 

190.89 

0.1966 

0.3625 

0.4124 

61.52 

2.10 

-0.0568 

E  'R'  ifl 

0.0573 

187.41 

0.2124 

0,3717 

0.4281 

60.26 

2.15 

-0.0589 

0.0590 

183.91 

0.2286 

0,3802 

0.4436 

58.99 

2.20 

-0.0606 

-0.0004 

0.0606 

180.39 

0.2451 

0.3870 

0.4589 

57.72 

2.25 

-0.0621 

0.0034 

0.0622 

176.87 

0.2619 

0.3948 

0.4738 

56.44 

2.30 

-0.0632 

0.0074 

0.0636 

173.36 

0.2790 

0.4884 

55.16 

2.35 

-0.0639 

0.0114 

0.0640 

169.85 

0.2962 

0.5026 

53.89 

2.40 

-0.0643 

0.0156 

0.0662 

166.37 

0.3134 

K  '  c.  ii 

0.5164 

52.63 

2.45 

-0.0643 

0.0198 

0.0673 

162.91 

0.3306 

0.4138 

0.5297 

51.38 

2.50 

-0.0640 

0.0239 

0.0683 

159.49 

0.3476 

0.4165 

0.5425 

50.15 

2.55 

-0.0633 

0.0280 

0.0892 

156.10 

0.3645 

0.4182 

0.5548 

48.93 

2.60 

•0.0623 

0.0320 

Q.0700 

152.77 

0.3811 

0.4193 

0.5666 

47.73 

2.65 

-0.0609 

0.0359 

0.0707 

149.49 

0.3974 

0.4195 

0.5779 

46.55 

2.70 

-0.0594 

0.0396 

0.0714 

146.27 

0.4134 

0.4191 

0.5887 

45.40 

2.75 

-0.0575 

0.0432 

0.0719 

143.11 

0.4289 

0.4181 

44.27 

2.80 

-0.0555 

0.0465 

0.0724 

140.02 

0.4439 

0.4164 

till* 

43.17 

2.85 

-0.0532 

0.0496 

0.0728 

137.00 

0.4584 

0.4142 

42.10 

2.90 

-0.0508 

0.0525 

0.0731 

134.05 

0.4725 

0.4116 

41.06 

2.95 

-0.0483 

0.0552 

0.0733 

131.18 

0.4860 

0.4086 

0.6349 

40.05 

3.00 

-0.0457 

0.0576 

0.0735 

128.38 

0.4990 

0.4052 

0.6427 

39.08 

3.05 

-0.0430 

0.0509 

0.0737 

125.66 

0.5114 

0.4015 

38.13 

3.10 

-0.0402 

0.0619 

0.0738 

123.02 

0.5233 

0.3975 

0.6572 

37.22 

3.15 

-0.0375 

0.0637 

0.0739 

120.48 

0.5347 

0.3933 

0.6638 

36.34 

3.20 

-0.0347 

0.0653 

0.0740 

117.97 

0.5456 

0.3890 

0.6701 

35.49 

3.25 

-0.0310 

0.0668 

0.0740 

115.55 

0.5560 

0.3845 

0.6760 

34.67 

3.30 

-0.0292 

0.0680 

0.0740 

113.21 

0.5659 

0.3800 

0.6816 

33.88 

3.35 

-0.0265 

0.0691 

0.0740 

0.5753 

0.3754 

vfmrn 

33.12 

3.40 

-0.0238 

0.0701 

0.0740 

Essa 

0.5844 

0,3707 

0.6920 

32.39 

3.45 

-0.0212 

0.0709 

0.0740 

106.61 

0.5930 

0.3660 

0.6968 

31.68 

3.50 

-0.0186 

0.0716 

0.0740 

104.55 

0.8012 

0.3613 

0.7014 

31.01 

3.55 

-0.0161 

0.0722 

0.0740 

102.55 

0.6090 

0.3567 

0.7058 

30.36 

3.60 

-0.0136 

0.0727 

0.0740 

100.62 

0.6165 

0.3521 

0.7099 

29.73 

3.65 

-0.0112 

0.0731 

0.0740 

98.74 

0.6236 

0.3475 

0.7139 

29.13 

3.70 

-0.0089 

0.0734 

0.0739 

96.93 

0.6305 

0.3430 

0.7177 

28.54 

3.75 

-0.0067 

0.0736 

0.0739 

95.17 

0.6370 

0.3385 

0.7214 

27.99 

3.80 

-0.0045 

0.0738 

0.0739 

93.46 

0.6433 

0.3341 

0.7249 

27.45 

3.85 

-0.0023 

0.0740 

91.81 

0.6493 

0.3298 

0.7283 

26.93 

3.90 

-0.0003 

0.0740 

90.21 

0.6550 

0.3256 

0.7315 

26.43 

3.95 

0.0017 

0.0740 

0.0743 

88.65 

0.6606 

0.3215 

0.7346 

25.95 

WADC  TR  56-^614 


A-53 


1.1932 

1.1924 

1.1917 

1.1909 

1.1900 


1.1845 

1.1836 

1.1826 

1.1816 

1.1806 


1.1714 

1.1704 

1.1694 

1.1684 

1.1674 

1.1664 

1.1654 

1.1644 

1.1634 

1.1625 

1.1615 

1.1605 

1.1596 

1.1586 

1.1577 

1.1568 

1.1558 


-0.5060 

-0.4957 

-0.4858 

-0.4763 

-0.4672 

-0.4584 

-0.4499 

-0.4417 

-0.4338 

-0.4262 

-0.4188 

-0.4117 

-0.4049 

-0.3982 


-0.3855 

-0.3795 

-0.3736 

-0.3679 

-0.3624 

-0.3570 

-0.3518 

•0.3487 

-0.3416 

-0.3370 

-0.3323 

-0.3277 

-0.3233 

-0.3190 

-0.3148 

-0.3106 

-0.3066 

-0.3027 

-0.2989 

-0.2952 

-0.2915 

-0.2880 

-0.2845 

-0.2811 

-0.2777 

-0.2745 

-0.2713 

-0.2682 

-0.2651 

-0.2621 

-0.2592 

-0.2564 

-0.2535 

-0.2508 

-0.2481 

-0.2455 

-0.2429 

-0.2403 

-0.2379 

-0.2354 

-0.2330 

-0.2307 

-0.2284 

-0.2261 

-0.2239 


0.8947 

0.8954 

0.8962 

0.8970 

0.8977 

0.8985 

0.8992 

0.8999 

0.9007 

0.9014 

0.9021 

0.9028 

0.9035 

0.9042 

0.9048 

0.9055 

0.9062 


0.9068 

0.9094 

0.9100 

0.9107 

0.9113 

0.9119 
0.9125 
31 


0.9177 

0.9183 

0.9188 

0.9194 

0.9199 

0.9204 

0.9209 

0.9215 

0.9220 

0.9225 

0.9230 

0.9235 

0.9239 

0.9244 

0.9249 

0.9254 

0.9258 

0.9263 

0.9267 

0.9272 

0.9276 

0.9281 

0.9285 

0.9289 

0.9293 


1.2724 

1.2487 

1.2259 

1.2040 

1.1828 

1.1625 

1.1428 

1.1239 

1.1055 

1.0879 

1.0707 
1 .0542 
1.0382 
1.0227 
1.0076 

0.9930 

0.9789 

0.9652 

0.9518 

0.9389 

0.9263 

0.9140 

0.9021 

0.8905 

0.8791 

0.8681 

0.8574 

0.8469 

0.8366 

0.8266 

0.8169 

0.8074 

0.7981 

0.7890 

0.7801 

0.7714 

0.7628 

0.7545 

0.7464 

0.7384 

0.7305 

0.7229 

0.7154 

0.7080 

0.7008 

0.6937 

0.6868 

0.6800 

0.6733 

0.6668 

0.6603 

0.6540 

0.6478 

0.6417 

0.6358 

0.6299 

0.6241 

0.6185 

0.6129 

0.6075 


{  X 


0.2802 

0.2869 

0.2935 

0.3000 

0.3064 

0.3127 

0.3189 

0.3250 

0.3310 

0.3369 

0.3428 

0.3485 

0.3541 

0.3596 

0.3651 

0.3704 

0.3757 

0.3809 

0.3860 

0.3911 

0.3960 

0.4009 

0.4057 

0.4105 

0.4151 


0.4197 


0.4418 

0.4460 

0.4502 

0.4543 

0.4584 

0.4624 

0.4663 

0.4702 

0.4741 

0.4779 

0.4816 

0.4854 

0.4890 

0.4926 

0.4962 

0.4997 

0.5032 

0.5066 

0.5100 

0.5134 

0.5167 

0.5199 

0.5232 

0.5264 

0.5295 

0.5326 

0.5357 

0.5388 

0.5418 

0.5447 


0.9617 

0.9807 

0.9597 

0.9587 

0.9578 

0.9568 

0.9559 

0.9550 

0.9542 

0.9533 

0.9525 

0.9516 

0.9508 

0.9500 

0.9492 

0.9485 

0.9477 

0.0470 

0.9462 

0.9455 

0.9448 

0.9441 

0.9434 

0.9427 

0.9421 

0.9414 

0.9408 

0.9401 

0.9395 

0.9389 

0.9383 

0.9377 

0.9371 

0.9366 

0.9360 


-0.0708 

-0.0705 

-0.0702 

-0.0699 

-0.0696 

-0.0693 

-0.0689 

-0.0686 

-0.0683 

-0.0680 

-0.0677 

-0.0674 

-0.0670 

-0.0667 

-0.0664 

-0.0661 

-0.0658 

-0.0654 

-0.0651 

-0.0648 

-0.0645 

-0.0642 

-0.0638 

-0.0635 

-0.0632 

-0.0629 

-0.0626 

-0.0623 

-0.0620 

-0.0617 

-0.0614 

-0.0611 

-0.0607 

-0.0604 

-0.0601 

-0.0598 

-0.0595 

-0.0592 

-0.0589 

-0.0587 

-0.0584 

-0.0581 

-0.0578 

-0.0575 

-0.0572 


MODUUJS 

(xettcest 

0.9991 

355.75 

0.9972 

355.75 

0.9953 

355.75 

0.9936 

355.75 

0.9918 

355.75 

0.9901 

355.75 

0.9885 

355.76 

0.9869 

355.76 

0.9853 

355.77 

0.9838 

355.78 

0.9824 

355.79 

0.9809 

355.80 

0.9795 

355.81 

0.9782 

355.82 

0.9768 

355.83 

0.9755 

355.84 

0.9743 

355.85 

0.9730 

355.86 

0.9718 

355.88 

0.9706 

355.89 

0.9695 

355.90 

0.9683 

355.92 

0.9672 

355.93 

0.0661 

355.95 

0.0651 

355.96 

0.0640 

355.97 

0.0630 

355.99 

356.00 

356.02 

0.9601 

356.03 

0.9591 

356.05 

0.9582 

356.07 

0.9573 

356.08 

0.9564 

356.10 

0.9555 

356.11 

0.9546 

356.13 

0.9538 

356.14 

0.9530 

356.16 

0.9521 

356.17 

0.9513 

356.19 

0.9505 

356.21 

0.9498 

356.22 

0.9490 

356.24 

0.9482 

356.25 

0.9475 

356.27 

0.9468 

356.28 

0.9461 

358.30 

0.9454 

356.32 

0.9447 

356.33 

0.9440 

358.35 

0.9433 

0.9427 

0.9420 

0.9414 

356.41 

0.9407 

356.43 

0.9401 

356.44 

0.9395 

356.46 

0.9389 

356.47 

0.9383 

356.49 

■ 

356.50 
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0.0283 

0.0295 

0.0307 

0.0319 

0.0330 

0.0341 

0.0352 

0.0363 

0.0373 

0.0383 

0.0393 

0.0403 

0.0413 

0.0422 

0.0432 

0.0441 

0.0450 

0.0458 

0.0467 

0.0475 

0.0484 

0.0492 

0.0500 

0.0508 

0.0515 

0.0523 

0.0530 

0.0538 

0.0545 

0.0552 

0.0559 

0.0566 

0.0573 

0.0579 

0.0586 

0.0592 

0.0599 

0.0605 

0.0611 

0.0617 


.0623 
0.0629 
0.0634 
0.0640 


0.0740 

0.0739 

0.0738 

0.0737 

0.0735 

0.0733 

0.0731 

0.0729 

0.0727 

0.0724 

0.0722 

0.0719 

0.0716 

0.0714 

0.0711 

0.0708 

0.0705 

0.0702 

0.0699 

0.0696 

0.0693 

0.0689 

0.0686 

0.0683 

0.0680 

0.0677 

0.0674 

0.0670 

0.0667 

0.0664 

0.0661 

0.0658 

0.0654 

0.0651 

0.0648 

0.0645 

0.0642 

0.0638 

0.0635 

0.0632 

0.0629 

0.0626 

0.0623 

0.0620 

0.0617 

0.0614 

0.0611 

0.0607 

0.0604 

0.0601 

0.0598 

0.0595 

0.0592 

0.0589 

0.0587 

0.0584 
0. 
0.0578 
0. 

0. 


0.0743 

0.0744 

0.0745 

0.0746 

0.0747 

0.0748 

0.0750 

0.0751 

0.0753 

0.0754 

0.0756 

0.0758 

0.0759 


0.0767 

0.0769 

0.0771 

0.0773 

0.0776 

0.0778 

0.0780 

0.0782 

0.0785 

0.0787 

0.0789 

0.0792 

0.0794 

0.0796 

0.0799 

0.0801 

0.0804 

0.0806 

0.0808 

0.0811 

0.0813 

0.0816 

0.0818 

0.0821 

0.0823 

0.0825 

0.0828 

0.0830 

0.0833 

0.0835 

0.0837 
0.0840 
0.0843 
0.0845 
0. 


74.30 

73.20 

72.13 

71.10 

70.08 


0.6659 

0.6710 

0.6759 

0.6806 

0.6852 

0.6896 

0.6939 

0.6980 

0.7020 

0.7059 

0.7097 

0.7133 

0.7169 

0.7203 

0.7237 

0.7289 

0.7301 

0.7332 

0.7362 

0.7392 

0.7420 

0.7449 

0.7476 

0.7503 

0.7529 

0.7555 

0.7580 

0.7605 

0.7629 

0.7653 


0.7785 

0.7806 

0.7826 

0.7846 

0.7866 


0.2816 

0.2785 

0.2754 

0.2724 

0.2605 

0.2667 

0.2639 

0.2611 

0.2585 

0.2559 

0.2533 

0.2508 

0.2483 

0.2459 

0.2436 

0.2413 

0.2300 

0.2368 

0.2346 

0.2325 

0.2304 

0.2283 

0.2263 

0.2243 

0.2223 

0.2204 

0.2185 

0.2166 

0.2148 

0.2130 

0.2113 
.2095 


0.7377 

0.7406 

0.7434 

0.7462 

0.7489 

0.7515 

0.7540 

0.7565 

0.7589 

0.7612 

0.7635 

0.7657 

0.7679 

0.7701 

0.7722 

0.7743 

0.7763 

0.7783 

0.7803 

0.7822 

0.7841 

0.7860 

0.7878 

0.7896 

0.7914 

0.7931 

0.7048 

0.7965 

0.7982 

0.7998 

0.8014 

0.8030 

0.8046 

0.8061 

0.8076 


0.1950 

0.1035 

0.1020 

0.1906 

0.1891 

877 
863 
0.1850 
0.1836 
0.1823 


0.8177 

0.8190 

0.8204 

0.8217 

0.8230 

0.8243 

0.8255 

0.8268 

0.8280 

0.8292 

0.8304 

0.8316 

0.8327 

0.8339 

0.8350 

0.8361 

0.8372 

0.8383 

0.8394 
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k=  0.2 

^  ^  Oa25 

a 

/ 

2ir^ 

-ZirY 

i  X 

- 

V 

REAL 

MAG. 

X 

REAL 

MAG. 

MOOJUJS 

{oames) 

■SI 

1 .1462 

-0.2217 

0.9298 

0.6021 

0.5477 

0.9354 

-0.0569 

0.9372 

356.52 

1.1454 

-0.2196 

0.9302 

0.5968 

0.5506 

0.9349 

-0.0566 

0.9366 

356.53 

■kcI 

1.1446 

-0.2175 

0,9306 

0.5916 

0.5534 

0.9343 

-0.0564 

0.9360 

356.55 

7.15 

1.1437 

-0.2154 

0.9310 

0.5865 

0.5563 

0.9338 

-0.0561 

0.9355 

356.56 

7.20 

1.1429 

-0.2134 

0.9314 

0.5815 

0.5591 

0.9333 

-0.0558 

0.9349 

356.58 

7,25 

1.1421 

-0.2114 

0.9318 

0.5765 

0.5618 

0.9328 

-0.0555 

0.9344 

356.59 

7.30 

1.1414 

-0.2094 

0.9321 

0.5717 

0.5646 

0.9322 

-0.0553 

0.9339 

356.61 

HI 

1.1406 

-0.2075 

0.9325 

0.5669 

0.5673 

0.9317 

-0.0550 

0.9334 

356.62 

Bt  r  il 

1.1398 

-0.2056 

0.9329 

0.5622 

0.5699 

0.9312 

-0.0547 

0.9329 

356.64 

■ibl 

1.1390 

-0.2038 

0.9333 

0.5576 

0.5726 

0.9308 

-0.0545 

0.9324 

356.65 

7.60 

1.1383 

-0.2019 

0.9337 

0.5530 

0.5752 

0.9303 

-0.0542 

0.9319 

356.67 

7.55 

1.1375 

-0.2002 

0.9340 

0.5486 

0.5778 

0.9298 

-0.0539 

0.9314 

356.68 

7.60 

1.1368 

E  *  1 

0.9344 

0.5441 

0.5803 

0.9293 

-0.0537 

0.9309 

356.69 

7.65 

1.1361 

E 

0.9347 

0.5398 

0.5829 

0.9289 

-0.0534 

0.9304 

356.71 

7.70 

1.1353 

!  ilil 

0.9351 

0.5355 

0.5654 

0.9284 

-0.0532 

0.9299 

356.72 

7.75 

1.1346 

-0.1933 

0.9354 

0.5313 

0.5878 

0.9280 

-0.0529 

0.9295 

356.74 

7;80 

1.1339 

-0.1916 

0.9358 

0.5272 

0.5903 

0.9275 

-0.0526 

0.9290 

356.75 

7.85 

1.1332 

-0.1900 

0.9361 

0.5231 

0.5927 

0.9271 

-0.0524 

0.9286 

356.77 

7.90 

1.1326 

-0.1884 

0.9365 

0.5191 

0.5951 

0.9267 

-0.0521 

0.9281 

356.78 

7.95 

1.1318 

-0.1868 

0.9368 

0.5151 

0.5974 

0.9262 

-0.0519 

0.9277 

356.79 

8.00 

1.1311 

-0.1853 

0.9371 

0.5112 

0.5998 

0.9258 

-0.0516 

0.9273 

356.81 

8.05 

1.1304 

-0.1838 

0.9375 

0.5074 

0.6021 

0.9254 

-0.0514 

0.9268 

356.82 

8.10 

1.1298 

-0.1823 

0.9378 

0.5036 

0.6044 

0.9250 

-0.0512 

0.9264 

356.83 

8.15 

1.1291 

0.9381 

0.4998 

0.6086 

0.9246 

-0.0509 

0.9260 

356.85 

8.20 

1.1284 

1  -0.1793 

0.9384 

0.4962 

0.6089 

0.9242 

-0.0507 

0.9256 

356.86 

8.25 

1.1278 

0.9387 

0.4925 

0.6111 

0.9238 

-0.0504 

0.9252 

356.87 

8.30 

1.1271 

0.9391 

0.4890 

0.6133 

0.9234 

-0.0502 

0.9248 

366.89 

8.35 

1.1265 

-0.1751 

0.9394 

0.4854 

0.6154 

0.9230 

-0.0500 

0.9244 

356.90 

8.40 

1.1259 

-0.1737 

0.9397 

0.4820 

0.6176 

0.9226 

-0.0498 

0.9240 

356.91 

8.45 

1.1252 

-0.1724 

0.9400 

0.4785 

0.6197 

0.9223 

-0.0495 

0.9236 

356.93 

8.50 

1.1246 

-0.1711 

0.9403 

0.4752 

0.6218 

0.9219 

-0.0493 

0.9232 

356.94 

8.55 

1.1240 

-0.1698 

0.9406 

0.4718 

0.6239 

0.9215 

-0.0491 

0.9228 

356.95 

8.60 

1.1234 

-0.1685 

0.9409 

0.4685 

0.6259 

0.9212 

-0.0486 

0.9225 

356.96 

8.65 

1.1228 

-0.1672 

0.9411 

0.4653 

0.6279 

0.9208 

-0.0486 

0.9221 

356.98 

8.70 

1.1222 

-0.1660 

0.9414 

0.4621 

0.6300 

0.9205 

-0.0484 

0.9217 

356.99 

8.75 

1.1216 

-0.1647 

0.9417 

0.4590 

0.6319 

0.9201 

-0.0482 

0.9214 

357 .00 

8.80 

1.1210 

-0.1635 

0.9420 

0.4558 

0.6339 

0.9198 

-0.0480 

0.9210 

357.01 

8.85 

1.1204 

-0.1623 

0.9423 

0.4526 

0.6359 

0.9194 

-0.0478 

0.9207 

357 .03 

8.90 

1.1199 

-0.1611 

0.9425 

0.4497 

0.6378 

0.9191 

-0.0475 

0.9203 

357.04 

8.95 

1.1193 

-0.1600 

0.9426 

0.4467 

0.6397 

0.9188 

-0.0473 

0.9200 

357.05 

9.00 

1.1187 

-0.1588 

0.9431 

0.4438 

0.6416 

0.9185 

-0.0471 

0.9197 

357.06 

9.05 

1.1182 

-0.1577 

0.9434 

0.4409 

0.6435 

0.9181 

-0.0469 

0.9193 

357.08 

9.10 

1.1176 

-0.1566 

0.9436 

0.4380 

0.6453 

0.9178 

-0.0467 

0.9190 

357.09 

9.15 

1.1171 

-0,1555 

0.9439 

0.4352 

0.6472 

0.9175 

-0.0465 

0.9187 

357.10 

9.20 

1.1165 

-0.1544 

0.9441 

0.4324 

mm 

0.9172 

-0.0463 

0.9183 

357.11 

9.25 

1.1160 

-0.1533 

0.9444 

0.4296 

0.6508 

0.9169 

-0.0461 

0.9180 

357.12 

9.30 

1.1154 

-0.1523 

0.9447 

0.4269 

0.6526 

0,9166 

-0.0459 

0.9177 

357.13 

9.35 

1.1149 

-0.1512 

0.9449 

0.4242 

0.8543 

0.9163 

-0.0457 

0.9174 

357.15 

9.40 

1.1144 

-0.1502 

0.9452 

0.4215 

0.6561 

0.9160 

-0.0455 

0.9171 

357.16 

9.45 

1.1139 

-0.1492 

0.9454 

0.4189 

0.6578 

0.9157 

-0.0453 

0.9168 

357.17 

9.50 

1.1133 

-0.1482 

0.9457 

0.4163 

0.6595 

-0.0451 

0.9165 

357.18 

9.55 

1.1128 

-0.1472 

0.9459 

0.4137 

0.6612 

-0.0449 

0.9162 

357.19 

9.60 

1.1123 

-0.1462 

0.9461 

0.4112 

0.6629 

-0.0447 

0.9159 

357.20 

9.65 

1.1118 

-0.1452 

0.9464 

0.4086 

0.8646 

-0.0445 

0.9156 

357.21 

9.70 

1.1113 

-0.1443 

0.9466 

0.4062 

0.6662 

-0.0443 

357.22 

9.75 

1.1108 

-0,1433 

0.9466 

0.4037 

0.6678 

0.9140 

-0.0442 

0.9150 

357.23 

9.80 

1.1103 

-0.1424 

0.9471 

0.4013 

0.6695 

0.9137 

0.9148 

9.85 

1.1098 

-0.1415 

0.9473 

0.3989 

0.6711 

0.9134 

-0.0438 

0.9145 

9.90 

1.1094 

-0.1406 

0.9475 

0.3965 

0.6726 

0.9132 

-0.0436 

0.9142 

9.95 

1.1089 

-0.1397 

0.9478 

0.3942 

0.6742 

0.9129 

-0.0434 

0.9139 

357.28 

10.00 

1.1084 

-0.1388 

0.9480 

0.3919 

0.6758 

0.9128 

-0.0432 

0.9137 

357.29 
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0.0646 

0.0651 

0.0657 

0.0662 

0.0667 

0.0672 

0.0678 

0.0683 

0.0688 

0.0692 

0.0697 

0.0702 

0.0707 

0.0711 

0.0716 

0.0720 

0.0725 

a.0729 

0.0733 

0.0738 

0.0742 

0.0746 

0.0750 

0.0754 

0.0758 


0.0809 

0.0812 

0.0815 

0.0819 

0.0822 

0.0825 

0.0828 

0.0831 

0.0834 

0.0837 

0.0840 

0.0843 

0.0846 

0.0849 

0.0852 

0.0855 

0.0858 

0.0860 

0.0863 

0.0866 

0.0868 

0.0871 


0.0569 

0.0566 

0.0564 

0.0661 

0.0558 

0.0555 

0.0553 

O.OSSO 

0.0547 

0.0545 

0.0542 

0.0539 

0.0537 

0.0534 

0.0532 

0.0529 

0.0526 

0.0524 

0.0521 

0.0519 

0.0516 

0.0514 

0.0512 

0.0509 

0.0507 

0.0504 

0.0502 

0.0500 

0.0498 

0.0495 

0.0493 

0.0491 

0.0488 

0.0486 

0.0484 

0.0482 

0.0480 

0.0478 

0.0475 

0.0473 

0.0471 

0.0469 

0.0467 

0.0465 

0.0463 

0.0461 

0.0459 

0.0457 

0.0455 

0.0453 

0.0451 

0.0449 

0.0447 

0.0445 

0.0443 

0.0442 

0.0440 

0.0438 

0.0436 

0.0434 


0.0861 

0.0863 

0.0865 

0.0868 

0.0870 

0.0872 

0.0874 

0.0877 

0.0879 

0.0881 

0.0883 

0.0885 

0.0887 

0.0889 

0.0892 

0.0894 

0.0896 

0.0898 

0.0900 

0.0902 


0.0938 

0.0940 

0.0942 

0.0944 

0.0945 

0.0947 

0.0049 

0.0950 

0.0952 

0.0954 

0.0956 

0.0957 


2 
4 

0.0965 

0.0967 

0.0969 

0.0970 

0.0972 

0.0973 


41.40 

41.02 

40.64 

40.27 

39.91 


27.17 

27.00 

26.83 

28.66 

26.49 


0.0432  0.0975 


0.8207 

0.8221 

0.8234 

0.8247 

0.8260 

0.8273 

0.8285 

0.8297 

0.8310 

0.8322 

0.8333 

0.8345 

0.8356 

0.8368 

0.8379 

0.8390 

0.8401 

0.8411 

0.8422 

0.8432 

0.8443 

0.8453 

0.8463 

0.8473 

0.8482 

0.8492 

0.8501 

0.8511 

0.8520 

0.8529 

0.8538 

0.8547 

0.8556 

0.8564 

0.8573 

0.8581 

0.8590 

0.8598 

0.8606 

0.8614 

0.8622 

0.8630 

0.8638 

0.8646 

0.8653 

0.8661 

0.8668 

0.8676 

0.8683 

0.8690 

0.8697 

0.8704 

0.8711 

0.8718 
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0.8200 

-0.0817 

0.8241 

354.31 

5.85 

1.1414 

ill  V 

0.9324 

0.5472 

0.5786 

0.8102 

-0.0811 

0.8232 

354.35 

5.90 

1 .1407 

B’Hrr  '■ 

0.9328 

0.5411 

0.5821 

0.8184 

-0.0805 

0.8223 

354.38 

5.95 

1.1400 

-0.1956 

0.9332 

0.5352 

0.5856 

0.8176 

-0.0799 

0.8215 

354.42 

6.00 

1.1394 

-0.1934 

0.9335 

0.5294 

0.5890 

0.8168 

-0.0793 

0.8206 

354.46 

6.05 

1.1387 

-0.1911 

0.9339 

0.5237 

0.5923 

0.8160 

-0.0787 

0.8198 

354.49 

6.10 

1.1380 

0.9342 

0.5181 

0.5957 

0.8152 

-0.0781 

0.8190 

354.53 

6.15 

1.1373 

-0.1868 

0.9346 

0.5126 

0.5989 

0.8145 

-0.0775 

0.8182 

354.56 

6.20 

1.1366 

-0.1847 

0.9349 

0.5073 

0.6021 

0.8138 

-0.0769 

0.8174 

354.60 

6.25 

1.1360 

-0.1827 

0.9352 

0.5020 

0.6053 

0.8130 

-0.0764 

0.8186 

354.63 

6.30 

1.1353 

0.9356 

0.4969 

0.6084 

0.8123 

-0.0758 

0.8159 

354.67 

6.35 

1.1346 

-0.1787 

0.9359 

0.4918 

0.6115 

0.8116 

-0.0753 

0.8151 

354.70 

6.40 

1.1340 

-0.1768 

0.9362 

0.4869 

0.6145 

0.8110 

-0.0747 

0.8144 

354.73 

6.45 

1.1333 

-0.1749 

0.9366 

0.4820 

0.8175 

0.8103 

-0.0742 

0.8137 

364.77 

6.50 

1.1327 

-0.1731 

0.0369 

0.4773 

0.6205 

0.8096 

-0.0737 

0.8130 

354.80 

6.55 

1.1320 

-0.1713 

0.9372 

0.4726 

0.6234 

0.8090 

-0.0732 

0.8123 

354.83 

6.60 

1.1314 

-0.1695 

0.9375 

0.4680 

0.6262 

0.8083 

-0.0726 

0.8116 

354.86 

6.65 

1.1308 

0.9378 

0.4635 

0.6291 

0.8077 

-0.0721 

0.8109 

354.90 

6.70 

1.1302 

0.9381 

0.4591 

0.6319 

0.8071 

-0.0716 

0.8103 

354.93 

6.75 

1.1^95 

-0.1644 

0.9384 

0.4548 

0.6346 

0.8065 

-0.0711 

0.8096 

354.96 

6.80 

1.1269 

-0.1627 

0.9387 

0.4505 

0.6373 

0.8059 

0.8090 

354.99 

6.85 

1.1283 

-0.1611 

0.9390 

0.4463 

0.6400 

0.8053 

-0.0702 

0.8083 

355.02 

6.90 

1.1277 

-0.1595 

0.9393 

0.4422 

0.6426 

0.8047 

-0.0697 

0.8077 

355.05 

6.95 

1.1271 

-0.1580 

0.9396 

0.4382 

0.6452 

0.8041 

-0.0692 

0.8071 

355.08 

n 

/+7 

REAL 

IMAG. 

MODUUJS 

RHASF 

/oespeesi 

REAL 

ma. 

MODUUJS 

4.00 

0.1325 

0.1135 

0.1745 

40.58 

0.7234 

0.2939 

0.7809 

22.11 

4.05 

0.1347 

0.1123 

0.1754 

39.83 

0.7276 

0.2897 

0.7831 

21.71 

4.10 

0.1367 

0.1112 

0.1762 

39.11 

0.7316 

0.2856 

0.7853 

21,32 

4.15 

0.1387 

0.1100 

0.1770 

38.42 

0.7354 

0.2816 

0.7875 

20.95 

4.20 

0.1406 

0.1089 

0.1778 

37 .75 

0.7391 

0,2777 

0.7896 

20.60 

4.25 

0.1424 

0.1078 

0.1786 

37.11 

0.7427 

0.2740 

0.7916 

20.25 

4.30 

0.1442 

0.1067 

0.1794 

36.49 

0.7461 

0.2703 

0.7936 

19.92 

4.35 

0.1459 

0.1056 

0.1801 

35.89 

0.7495 

0.2668 

0.7955 

19.60 

4.40 

0.1476 

0.1045 

0.1808 

35.31 

0.7527 

0.2634 

0.7974 

19.28 

4.45 

0.1492 

0.1035 

0.1816 

34.75 

0.7558 

0.2600 

0.7993 

18.98 

4.50 

0.1507 

0.1025 

0,1823 

34.21 

0.7589 

0.2567 

0.8011 

18.69 

4.55 

0.1523 

0.1015 

0.1830 

33.68 

0.7618 

0.2536 

0.8029 

18.41 

4.60 

0.1537 

0.1005 

0.1837 

33.18 

0.7647 

0.2505 

0.8047 

18.14 

4.65 

0.1551 

0.0995 

0.1843 

32.68 

0.7675 

0.2475 

0.8064 

17.87 

4.70 

0.1565 

0.0986 

0.1850 

32.21 

0.7702 

0.2445 

0.8081 

17.62 

4.75 

0.1579 

0.0977 

0.1857 

31.75 

0.7728 

0.2417 

0.8097 

17.37 

4.80 

0.1592 

0.0968 

0.1863 

31.30 

0.7754 

0.2389 

0.8114 

17.12 

4.85 

0.1605 

0.0959 

0.1869 

30.86 

0.7779 

0.2362 

16.89 

4.90 

0.1617 

0.0950 

0.1876 

30.44 

0.7804 

0.2336 

0.8146 

16.66 

4.95 

0.1629 

0.0942 

0.1882 

30.03 

0.7828 

0.2310 

0.8161 

16.44 

5.00 

0.1641 

0.0933 

0.1888 

29.63 

0.7851 

0.2285 

0.8177 

16,22 

5.05 

0.1653 

0.0925 

0.1894 

29.24 

0.7874 

0.2260 

0.8192 

16.01 

5.10 

0.1664 

0.0917 

0.1900 

28.86 

0.7896 

0.2236 

0.8207 

15.81 

5.15 

0.1675 

0.0900 

0.1906 

28.49 

0.7918 

0.2212 

0.8222 

15.61 

5.20 

0.1686 

0.0901 

0.1912 

28.13 

0.7940 

0.2189 

0.8236 

15.42 

5.25 

0.1697 

0.0894 

0.1918 

27.78 

0.7961 

0.2167 

0.8250 

15.23 

5.30 

0.1707 

0.0886 

0.1923 

27.43 

0.7981 

0.2145 

0.8264 

5.35 

0.1717 

0.0879 

0.1929 

27.10 

0.8001 

0.2123 

0.8278 

14.86 

5,40 

0.1727 

0.0872 

0.1935 

26.78 

0.8021 

0.2102 

0.8292 

14.69 

5.45 

0.1737 

0.0864 

msM 

26.46 

0.8041 

0.2082 

0.8306 

14.51 

5.50 

0.1747 

0.0857 

0.1946 

26.15 

0.8059 

0.2061 

0.8319 

14.35 

5.55 

0.1756 

0.0850 

0.1951 

25.84 

0.8078 

0.2041 

0.6332 

14.18 

5.60 

0.1765 

0.0844 

0.1956 

25.55 

0.8006 

0.2022 

0.8345 

5.65 

0.1774 

0.0837 

0.1962 

25.26 

0.8114 

0.2003 

13.87 

5.70 

0.1783 

0.0830 

0.1967 

24.97 

0.8132 

0.1984 

0.8370 

13.71 

5.75 

0,1791 

0.0824 

0.1972 

24.70 

0.8149 

0.1966 

0.8383 

13.56 

5.80 

0.0817 

0.1977 

24.43 

0.8166 

0.1948 

0.8395 

13.41 

5.85 

0.1808 

0.0811 

0.1982 

24.16 

0.8183 

0.1930 

0.8407 

13.27 

5.90 

0.1816 

0.0805 

0.1987 

23.90 

0.8199 

0.1913 

0.8419 

13.13 

5.95 

0.1824 

0.0799 

0.1992 

23.65 

0.8215 

0.1895 

0.8431 

12.99 

6.00 

0.1832 

0.0793 

0.1996 

23.40 

0.8231 

0.1879 

0.8442 

12.86 

6.05 

0.0787 

0.2001 

23.15 

0.8246 

0.1862 

0.6454 

12.72 

6.10 

0.1848 

0.0781 

0.2006 

22.91 

0.8261 

0.8465 

6.15 

0.1855 

0.0775 

0.2011 

22.68 

0.8276 

0.8476 

12.47 

6.20 

0.1862 

0.0769 

0.2015 

22.45 

0.8291 

L 1 ;  i  aI 

0.8487 

12.34 

6.25 

0.1870 

0.0764 

0.2020 

22.22 

0.8305 

0.1799 

0.8498 

12.22 

6.30 

0.1877 

0.0758 

0.2024 

22.00 

0.8320 

0.1784 

0.8509 

12.10 

6.35 

0.1884 

0.0753 

0.2028 

21.78 

0.8334 

0.1769 

0.8519 

11,98 

6.40 

0.1890 

0.0747 

0.2033 

21.57 

0.8347 

0.1754 

0.8530 

11.87 

6.45 

0.1897 

0.0742 

0.2037 

21.36 

0.8361 

0.1740 

0.8640 

11.76 

6.50 

0.1904 

0.0737 

0.2041 

21.16 

0.8374 

0.1725 

0.8550 

11.64 

6.55 

0.1910 

0.0732 

0.2046 

20.96 

0.8387 

0.1711 

0.8560 

11.53 

6,60 

0.1917 

0.0726 

0.2050 

20.76 

0.8400 

0.1698 

0.8570 

ii.43 

6.65 

0.1923 

0.0721 

0.2054 

20.56 

0.8413 

0.1684 

0.8580 

11.32 

6.70 

0.1929 

0.0716 

0.2056 

20.37 

0.8425 

0.1671 

0.8589 

11.22 

6.75 

0.1935 

0.0711 

0.2062 

20.19 

0.8437 

0.1658 

0.8599 

11.12 

6.80 

0.1941 

0.0707 

0.2066 

20.00 

0.8449 

0.1645 

0.8608 

11.02 

6.85 

0.1947 

0.0702 

0.2070 

19.82 

0.8461 

0.1632 

0.8617 

10.92 

6.90 

0.1953 

0.0697 

0.2074 

19.64 

0.8473 

0.1619 

0.8626 

10.82 

6.95 

0.1959 

■ 

0.2077 

19.47 

0.8484 

0.1607 

0.8635 

10.73 
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1.1237 

1.1231 

1.1226 

1.1220 

1.1215 

1.1209 

1.1204 

1.1199 

1.1194 

1.1188 

1.1183 

1.1178 

1.1173 

1.1168 

1.1163 

1.1158 

1.1154 

1.1149 

1.1144 

1.1139 

1.1135 


1.1117 

1.1112 

1.1108 


.1103 

.1099 

.1095 


1.1000  t  > 


-0.1565 

-0.1550 

-0.1535 

-0.1520 

-0.1506 

-0.1492 

-0.1479 

-0.1465 

-0.1452 

-0.1439 

-0.1426 

-0.1414 

-0.1401 

-0.1389 

-0.1377 

-0.1365 

-0.1354 

-0.1342 

-0.1331 

-0.1320 

r-0.130g 

-0.1299 

-0.1288 

-0.1278 

-0.1268 

-0,1258 

-0.1248 

-0.1238 

-0.1228 

-0.1219 

-0.1210 

-0.1201 

-0.1191 

-0.1183 

-0.1174 

-0.1165 

-0.1157 

-0.1148 

-0.1140 

-0.1132 

-0.1124 

-0.1116 

-0.1108 

-0.1100 

-0.1093 

-0.1085 

-0.1078 

-0.1070 

-0.1063 

-0.1056 

-0.1049 

-0.1042 

-0.1035 

-0.1028 

-0.1022 


0.1015 

0.1008 

0.1002 

0.0996 

0.0989 


0.9505 

0.9507 

0.9508 

0.9510 

0.9512 

0.9514 

0.9515 

0.9517 

0.9519 

0.9520 

0.9522 

0.9523 

0.9525 


0.4342 

0.4303 

0.4265 

0.4227 

0.4190 

0.4154 

0.4118 

0.4083 

0.4048 

0.4014 

0.3981 

0.3948 

0.3916 

0.3884 

0.3852 

0.3821 

0.3791 

0.3761 

0.3731 

0.3702 

0.3674 

0.3646 

0.3618 

0.3591 

0.3564 

0.3537 

0.3511 

0.3485 

0.3460 

0.3435 

0.3410 

0.3386 

0.3362 

0.3338 

0.3314 

0.3291 

0.3289 

0.3246 

0.3224 

0.3202 

0.3181 

0.3160 

0.3139 

0.3118 

0.3097 

0.3077 

0.3057 

0.3038 

0.3018 

0.2999 

0.2980 

0.2961 

0.2943 

0.2925 

0.2907 

0.2889 

0.2871 

0.2854 

0.2837 

0.2820 


0.6478 

0.6503 

0.6528 

0.6553 

0.6577 

0.6601 

0.6624 

0.6648 

0.6671 

0.6694 

0.6716 

0.6738 

0.8760 

0.6782 

0.6803 

0.6824 

0.6845 

0.6865 

0.6886 

0.6906 

0.6925 

0.6945 

0.6964 

0.6983 

0.7002 

0.7021 

0.7039 

0.7057 

0.7075 

0.7093 

0.7111 

0.7128 

0.7145 

0.7162 

0.7179 

0.7195 

0.7212 

0.7228 

0.7244 

0.7260 

0.7275 

0.7291 

0.7306 

0.7321 

0.7336 

0.7351 

0.7366 

0.7380 

0.7395 

0.7409 

0.7423 

0.7437 

0.7451 

0.7464 

0.7478 

0.7491 

0.7504 

0.7517 

0.7530 

0.7543 


0.7919 

8: 
0.7908 
.7904 


0.7883  I -I 


0.7853  -I 
0.7850  -I 


8 

6 

3 


0.7810 


-0.0603 

-0.0599 

-0.0596 

-0.0592 

-0.0589 

-0.0585 

-0.0582 

-0.0579 

-0.0575 

-0.0572 

-0.0569 

-0.0566 

-0.0563 

-0.0560 

-0.0556 

-0.0553 

-0.0550 

-0.0547 

-0.0545 

-0.0542 

-0.0539 

-0.0536 

-0.0533 

-0.0530 

-0.0527 

-0.0525 

-0.0522 

-0.0519 

-0.0517 

-0.0514 

-0.0511 

-0.0509 

-0.0506 

-0.0504 

-0.0501 

-0.0490 

-0.0496 

-0.0494 

-0.0492 


0.8065 

0.8059 

0.8053 

0.8048 

0.8042 

0.8037 

0.8031 

0.8026 

0.8020 

0.8015 

0.8010 

0.8005 

0.8000 

0.7905 

0.7990 

0.7985 

0.7981 

0.7976 

0.7971 

0.7967 

0.7962 

0.7958 

0.7954 

0.7940 

0.7945 

0.7941 

0.7937 

0.7933 

0.7929 

0.7925 

0.7921 

0.7917 

0.7913 


0.7902 

0.7899 

0.7895 

0.7891 

0.7688 

0.7884 

0.7881 

0.7878 

0.7874 

0.7871 

0.7868 

0.7865 

0.7861 

0.7858 

0.7855 

0.7852 

0.7849 

0.7846 

0.7843 

0.7840 

0.7837 

0.7834 

0.7831 

0.7829 

0.7826 


355.11 

355.14 
355.17 

355.19 

355.22 

355.25 

355.28 

355.30 
355.33 

355.36 

355.38 

355.41 

355.44 

355.46 

355.49 

355.51 

355.54 

355.56 

355.59 

355.61 

355.63 

355.66 

355.68 

355.70 

355.73 

355.75 

355.77 

355.79 

355.81 

355.84 

355.86 

355.88 

356.90 

355.92 

355.94 

355.06 

355.98 

356.00 

356.02 

356.04 

356.06 

356.08 

356.10 

356.12 

356.14 

356.16 

356.17 

356.19 
356.21 

356.23 

356.25 

356.26 

356.28 

356.30 

356.32 

356.33 
356.35 

356.37 

356.38 
356.40 


1.0997  -0.0983  (  0.9527  0.2803  I  0.7556  0.7808  -0.0489  I  0.7823  (  356.41 
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O-s  0.50 


MODULUS 


mo.  \Moajws 


0.1964 

0.1070 

0.1975 

0.1081 

0.1086 

0.1991 

0.1906 

0.2001 

0.2006 

0.2011 

0.2016 

0.2021 

0.2025 

0.2030 

0.2035 

0.2039 

0.2043 

0.2048 

0.2052 

0.2056 

0.2061 

0.2065 

0.2069 

0.2073 

0.2077 

0.2081 

0.2085 

0.2089 

0.2092 

0.2096 

0.2100 

0.2103 

0.2107 

0.2111 

0.2114 

0.2117 

0.2121 

0.2124 

0.2128 

0.2131 

0.2134 

0.2137 

0.2141 

0.2144 

0.2147 

0.2150 

0.2153 

0.2156 

0.2159 


0.0688 

0.0683 

0.0679 

0.0674 

0.0670 

0.0666 

0.0661 

0.0657 

0.0653 

0.0649 

0.0645 

0.0641 

0.0637 

0.0633 

0.0629 

0.0625 

0.0621 

0.0617 

0.0614 

0.0610 

0.0606 

0.0603 

0.0590 

0.0506 

0.0592 

0.0589 

0.0585 

0.0582 

0.0579 

0.0575 

0.0572 

0.0569 

0.0566 

0.0563 

0.0560 

0.0556 

0.0553 

0.0550 

0.0547 

0.0545 

0.0542 

0.0539 

0.0536 

0.0533 

0.0530 

0.0527 

0.0525 

0.0522 

0.0519 

0.0517 

0.0514 

0.0511 

0.0509 

0.0506 

0.0504 

0.0501 

0.0490 

0.0496 

0.0494 

0.0492 


0.2133 

0.2136 

0.2130 

0.2142 

0.2145 

0.2148 

0.2151 

0.2154 

0.2157 

0.2160 


0.2176 

0.2179 

0.2182 

0.2184 

0.2187 

0.2189 

0.2192 

0.2194 

0.2107 

0.2199 

0.2202 

0.2204 

0.2207 

0.2209 

0.2211 

0.2214 

0.2216 

0.2218 

0.2221 

0.2223 

0.2225 

0.2227 

0.2229 

0.2232 

0.2234 

0.2236 

0.2238 

0.2240 

0.2242 

0.2244 


15.80 

15.68 

15.57 

15.46 

15.35 


0.0489  0.2246 


0.8496 

0.8507 

0.8518 

0.8520 

0.8539 

0.8550 

0.8560 

0.8570 

0.8581 

0.8590 

0.8600 

0.8610 

0.8619 

0.8629 

0.8638 

0.8647 

0.8656 

0.8665 

0.8674 

0.8682 

0.8691 

0.8699 

0.8707 

0.8716 

0.8724 

0.8732 

0.8730 

0.8747 

0.8755 

0.8763 

0.8770 

0.8777 

0.8785 

0.8792 

0.8799 

0.8806 

0.8813 

0.8820 

0.8827 

0.8833 

0.8840 

0.BB47 

0.8853 

0.8860 

0.8866 

0.8872 

0.8878 

0.8884 

0.8891 

0.8897 

0.8902 

0.8908 

0.8914 

0.8920 

0.8926 

0.8931 

0.8937 

0.8942 

0.8948 

0.8053 

0.8958 


0.1595 

0.1583 

0.1571 

0.1559 

0.1548 

0.1537 

0.1525 

0.1514 

0.1504 

0.1493 

0.1482 

0.1472 

0.1462 

0.1451 

0.1441 

0.1432 

0.1422 

0.1412 

0.1403 

0.1393 

0.1384 

0.1375 

0.1366 

0.1357 

0.1349 

1340 
1331 
0.1323 
0.1315 
0.1306 

0.1298 

0.1290 

0.1282 

0.1275 

0.1267 


0.1188 

0.1181 

0.1174 

0.1168 

0.1161 

0,1155 

0.1148 

0.1142 

0.1136 


0. 

0. 

0. 

0. 

0.1100 


0.8644 

0.8653 

0.8662 

0.8670 

0.8679 

0.8687 


0.8727 

0.8735 

0.8742 

0.8750 

0.8757 

0.8765 

0.8772 

0.8779 

0.8786 

0.8703 

0.8800 

0.8807 

0.8814 

0.8821 

0.8827 

0.8834 

0.8840 

0.8847 

0.8853 

0.8859 

0.8866 

0.8872 

0.8878 

0.8884 

0.8890 

0.8896 

0.8901 

0.8907 

0.8913 

0.8919 

0.8924 

0.8930 

0.8935 

0.8941 

0.8946 

0.8951 

0.8957 

0.8962 

0.8967 

0.8972 

0.8977 

0.8982 

0.8987 

0.8992 

0.8997 

0.9002 

0.9006 

0.9011 

0.9016 

0.9020 

0.9025 
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1.2474 

1.2476 

1.2478 

1.2480 

1.2483 

1.2485 

1.2488 

1.2492 

1.2496 

1.2500 

1.2504 

1.2509 

1.2515 

1.2521 

1.2527 

1.2534  I 

1.2541 

1.2549 

1.2557 

1.2565 

1.2574 

1.2583 

1.2593 

1.2603 

1.2613 


1.2717  I  - 


.2783 

.2780 

.2777 

.2773 

.2768 


-9.9972 

-9.0672 

-8.2611 

-7.5578 

-6.9406 

-6.3958 

-5.0127 

-5.4822 

-5.0970 

-4.7510 

-4.4389 

-4.1566 

-3.9003 

-3.6669 

-3.4538 

-3.2588 

-3.0798 

-2.9152 

-2.7634 

-2.6232 

-2.4934 

-2.3731 

-2.2614 

-2.1574 

-2.0606 

-1.9702 

-1.8857 

-1.8068 

-1.7328 

-1.6634 

-1.5083 

-1.5371 

-1.4796 

-1.4254 

-1.3744 


-1.3262 

-1.2808 

-1.2379 

-1.1974 

-1.1590 

-1.1227 

-1.0883 

-1.0556 

-1.0247 

-0.9953 


0.4203 

0.4385 

0.4564 

0.4738 

0.4009 

0.5075 

0.5237 

0.5305 

0.5548 

0.5697 

0.5841 

0.5981 

0.6116 

0.6246 

0.6371 


0.7451 

0.7524 

0.7592 

0.7657 

0.7718 

0.7776 

0.7830 

0.7882 

0.7930 

0.7976 

0.8018 

0.8059 

0.8097 

0.8132 

0.8166 

0.8197 

0.8227 

0.8255 

0.8282 

0.8307 

0.8331 

0.8354 

0.83V5 

0.8396 

0.8415 

0.8434 

0.8452 

0.8469 

0.8486 

0.8501 


0.8517 


5.5479 

5.4778 

5.4054 

5.3307 

5.2540 

5.1752 

5.0947 

5.0125 

4.9289 

4.8439 

4.7578 

4.6706 

4.5826 

4.4940 

4.4048 

4.3153 

4.2258 

4.1359 

4.0464 

3.9572 

3.8684 

3.7802 

3.6928 

3.6063 

3.5208 

3.4365 

3.3534 

3.2718 

3.1916 

3.1130 

3.0361 

2.9610 

2.8876 

2.8161 

2.7465 

2.6788 

2.6132 

2.5494 

2.4877 

2.4279 

2.3701 

2.3142 

2.2602 

2.2081 

2,1579 

2.1094 

2.0827 

2.0177 

1,9743 

1,9326 

1,8023 

1.8536 

1.8163 

1.7804 

1.7458 

1.7125 

1.6804 

1.6494 

1.6196 

1.5909 


MOOUUJS, 


0.0272 

0.0296 

0.0322 

0.0350 

0.0379 

0.0411 

0.0445 

0.0480 

0.0518 

0.0557 

0.0598 

0.0642 

0,0686 

0.0733 

0.0781 

0.0831 

0.0882 

0.0935 

0.0988 

0.1043 

0.1099 

0.1156 

0.1213 
0.1271 
0.1330 
0. 1389 
0.1448 

0.1507 

0.1567 

0.1628 

0.1688 

0.1745 

0.1804 

0.1863 

0.1922 

0.1980 

0.2037 


1.0120 

.0140 

.0160 

.0183 

.0208 


1.1011 

1.1023 

1.1033 

1.1042 

1.1048 

1.1053 

1. 1056 

1. 1057 
1.1057 
1.1056 

1.1054 
1.1051 
1.1046 
1.1042 
1.1036 

1.1030 

1.1023 

1.1016 

1.1009 

1.1001 

1.0993 

1.0985 

1.0977 

1.0969 

1.0961 


0.0241 

0.0264 

0.0287 

0.0311 

0.0335 

0.0359 

0.0382 

0.0406 

0.0429 

0.0451 

0.0472 

0.0492 

0.0510 

0.0527 

0.0542 

0.0555 

0.0566 

0.0574 

0.0580 

0.0583 

0.0583 

0.0581 

0.0576 

0.0568 

0.0558 

0.0545 

0.0530 

0.0512 

0.0493 

0.0471 

0.0448 

0.0424 

0,0399 

0.0373 

0.0346 

0.0320 

0.0293 

0.0268 

0.0239 

0.0213 

0.0187 

0.0162 

0.0138 

0.0114 

0.0091 

0.0070 

0,0049 

0.0029 

0.0010 

-0.0008 


.0596 

.0634 

.0671 

.0708 

.0744 


1.1015 


0.36 

0.25 

0.15 

0.05 

359.96 

359.87 

359.79 

359.71 

359.63 

359.56 

359.49 

359.43 

359.37 

359.31 

359.26 
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3 


er»  0.00 


1.00  -0.0051 
1.05  -0.0082 
1.10  -0.0074 
1.15  -0.0088 
1.20  -0.0103 

1.25  -0.0120 
1.30  -0.0140 
1.35  -0.0160 
1.40  -0.0183 
1.45  -0,0208 


-0.0235 

-0,0263 

-0.0203 

-0.0325 

-0.0358 

-0.0303 

-0.0421 

-0,0466 

-0.0503 

-0.0541 

-0.0580 

-0.0618 

-0.0656 

-0.0603 

-0.0729 

-0.0764 

-0.0708 

-0.0830 

-0.0860 

-0.0888 

-0.0014 

-0.0038 

-0.0060 

-0.0079 

-0.0096 

-0.1011 

-0.1023 

-0.1033 

-0.1042 

-0.1048 

-0.1053 
•0.1056 
-0.1057 
-0. 1057 
-0.1056 

-0.1054 
-0. 1051 
-0.1048 
-0. 1042 
-0.1036 

-0.1030 
-0.1023 
-0. 1016 
-0.1009 
-0.1001 

-0.0993 

-0.0985 

-0.0977 

-0.0969 

-0.0961 


-0.0241 

-0.0264 

-0.0287 

-0.0311 

-0.0335 

-0.0359 

-0.0382 

-0.0406 

-0.0429 

-0.0451 

-0.0472 

-0.0492 

-0.0510 

-0.0527 

-0.0542 

-0.0555 

-0.0566 

-0.0674 

-0.0580 

-0.0583 

-0.0583 

-0.0581 

-0.0576 

-0.0568 

-0.0558 

-0.0545 

•0.0530 

•0.0512 

-0.0403 

-0.0471 

-0.0448 

-0.0424 

-0.0399 

-0.0373 

-0.0346 

-0.0320 

■0.0293 

■0.0266 

■0.0239 

-0.0213 

■0.0187 

■0,0162 

-0.0138 

-0.0114 

0.0091 

0.0070 

0.0049 

0.0029 

0.0010 

0.0008 

0.0025 

0.0041 

0.0057 

0.0071 

0.0085 

0,0098 

0.0110 

0.0121 

0.0132 

0.0142 


0.0247 

0.0271 

0.0297 

0.0323 

O.OSSO 

0.0378 

0.0407 

0.0436 

0.0466 

0.0496 

0.0527 

0.0558 

0.0589 

0.0619 

0.0650 

0.0680 

0.0710 

0.0739 

0.0768 

0.0706 


0.0848 

0.0873 

0.0806 

0.0918 


0.105 
0.105 
0.104 
0.104 
0.1 


258.04 

256.83 
255.58 

254.24 

252.86 

251.43 
249.96 

248.43 

246.85 

245.24 

243.57 

241.87 
240.13 

238.35 

236.54 

234.70 

232.84 

230.95 
229.04 

227.12 

225.19 

223.24 
221.30 

219.36 

217.42 

215.49 

213.57 
211.67 

209.80 

207.95 

206.12 
204.33 

202.58 

200.86 

109,18 

197.55 

195.96 

194.42 

192.92 
191.47 

190.07 

188.72 

187.41 

186.15 
184.04 

183.78 

182.66 

181.58 

180.55 

179.56 

176.60 

177.69 

176.81 

175.97 

175.16 

174.39 

173.64 

172.93 
172.24 

171.57 


0.0123 

0.0149 

0.0179 

0.0213 

0.0251 

0.0294 

0.0342 

0.0305 

0.0454 

0.0518 

0.0588 

0.0664 

0.0746 

0.0834 

0.0928 

0.1028 

0.1134 

0.1246 

0.1363 

0.1485 

0,1612 


0.3904 

0.4037 

0.4168 

0.4294 

0.4417 

0.4536 

0.4652 

0.4763 

0.4870 

0.4974 

0.5074 

0.5170 

0.5262 

0.5351 

0.5437 

0.5519 

0.5598 

0.5675 

0.5748 

0.5818 

0.5886 

0.5951 

0.6014 

0.6075 


0.0985 

0.1082 

0.1183 

0.1288 

0.1396 

0.1506 

0.1619 

0:1734 

0.1851 

0.1969 

0.2087 

0.2206 

0.2325 

0.2442 

0.2659 

0.2673 

0.2785 

0.2894 

0.2999 

0.3101 

0.3197 

0,3289 

0.3375 

0.3456 

0.3530 

0,3598 

0.3660 

0.3715 

0.3764 

0.3805 

0.3841 

0.3870 

0.3892 

0.3909 

0.3920 

0.3926 

0,3926 

0.3922 

0.3914 

0.3901 

0.3885 

0.3866 

0.3844 

0.3819 

0.3793 

0.3764 

0.3734 

0.3702 

0.3669 

0.3636 

0.3602 

0.3567 

0.3532 

0.3497 

0.3461 

0.3426 

0.3391 

0.3356 

0.3321 

0.3287 


0.0993 

0.1093 

0.1197 

0.1305 

0.1418 

0. 1535 
0.1655 
0.1778 
0.1906 
0.2038 

0.2168 

0.2304 

0.2441 

0.2581 

0.2722 

0.2864 

0.3007 

0.3151 

0.3205 

0.3438 

0.3581 

0.3723 

0.3863 

0.4002 

0.4139 

0.4274 

0,4406 

0.4535 

0.4660 

0.4783 

0.4902 

0.5017 

0.5129 

0.5237 

0.5341 

0.5441 

0.5537 

0.5629 

0.6717 

0.5802 

0.5883 

0.5960 

0.6034 

0.6105 

0,6173 

0.6238 

0.0300 

0.6359 

0.6416 

0.6470 

0.6522  j 
0.6572  ! 
0.6619 
0.6665  I 
0.6709 

0.8752 

0.6793 

0,8833 

0.6871 

0.6908 


68.96 

67.84 

66.71 
65.56 
04.41 

63.24 

62.07 

60.89 

59.71 
58.53 


46.18 

45.16 

44.17 
43.20 
42.25 

41.33 

40.44 

39.57 

38.73 

37.91 


30.49 

29.95 

29.42 
28.91 

28.42 
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B 

1 

{  X 

- 

V 

REAL 

HAAG. 

A 

REAL 

IMAG. 

MODULUS 

toesRces) 

4.00 

1.2724 

-0.6748 

0.8587 

1.5631 

0.2095 

1.0953 

-0.0152 

1.0854 

359.21 

4.0S 

1.2714 

-0.6613 

0.8599 

1.5364 

0.2152 

1.0944 

1.0945 

359.16 

4.10 

1.2704 

-0.6483 

0.8612 

1.5106 

0.2208 

1.0936 

i  jit  jtLl 

1.0937 

359.11 

4. IS 

1.2693 

-0.6358 

0.8624 

1.4856 

0.2264 

1.0928 

-0.0178 

1.0929 

359.07 

4.20 

1 .2682 

-0.6237 

0.8636 

1.4615 

0.2319 

1.0920 

1.0921 

359.03 

4.25 

1.2670 

-0.6121 

0.8648 

1.4382 

0.2373 

1.0911 

1.0913 

358.99 

4.30 

1.2658 

-0.6009 

0.8660 

1.4157 

0.2428 

1.0903 

-0.0199 

1.0905 

358.95 

4.35 

1.2646 

-0.5901 

0.8671 

1.3939 

0.2481 

1.0895 

1.0897 

358.92 

4.40 

1 .2633 

-0.5797 

0.8682 

1.3728 

0.2534 

1.0887 

1.0890 

358.89 

4.45 

1.2620 

-0.5697 

0.8693 

1 .3524 

0.2566 

1.0880 

-0.0217 

1.0882 

358.86 

4.50 

1.2607 

-0.5599 

0.8704 

1.3326 

0.2638 

1.0872 

1.0874 

358.83 

4.55 

1.2593 

-0.5505 

0.8714 

1.3134 

0.2689 

1.0864 

-0.0228 

1.0867 

358.80 

4.60 

1.2579 

-0.5414 

0.8725 

1.2949 

0.2739 

1.0857 

-0.0233 

1.0659 

358.77 

4.65 

1.2565 

-0.5326 

0.8735 

1.2768 

0.2789 

1.0849 

-0.0237 

1.0852 

358.75 

4.70 

1.2550 

-0.5241 

0.8745 

1.2593 

0,2639 

1.0842 

-0.0242 

1.0845 

358.72 

1K3 

1.2535 

-0.5158 

0.8755 

1.2423 

0.2887 

1.0835 

-0.0246 

1.0838 

358.70 

1.2521 

-0.5078 

0.8765 

1.2257 

0.2935 

1.0828 

1.0831 

358.68 

Er:  S 

1.2506 

-0.5001 

0.8775 

1.2096 

0.2983 

1.0821 

!  1 1 1 <  tfl 

1.0824 

358.66 

EE3 

1 .2491 

-0.4925 

0.8785 

1.1940 

0.3030 

1.0814 

1.0817 

358.64 

4.95 

1.2475 

-0.4652 

0.8794 

1.1788 

0.3077 

1 .0807 

-0.0260 

1.0810 

358.62 

5.00 

1.2460 

-0.4781 

0.8803 

1.1640 

0.3122 

1.0800 

-0.0263 

1.0803 

358.60 

5. 05 

1.2445 

-0.4711 

0.8813 

1.1495 

0.3168 

1.0793 

!  1  1^1 

If '[.iB 

358.59 

5.10 

1.2429 

-0.4644 

0.8822 

1.1355 

0.3213 

1.0787 

!  1  1  ly  ; 

Ifir. 

358.57 

5.15 

1.2414 

-0.4578 

0.8831 

1.1217 

0.3257 

1.07  80 

! 7 1  < K  r  th 

U  *[.19 

358.56 

5.20 

1,2399 

-0.4515 

0.8840 

1.1084 

0.3301 

1.0774 

!■  1 

1.0777 

358.54 

5,25 

1.2383 

-0.4453 

0.8849 

1.0953 

0.3344 

1.0768 

-0.0277 

1.0771 

358.53 

5.30 

1.2368 

-0.4392 

0.8857 

1 .0826 

0.3387 

1.0781 

-0.0279 

1.0765 

358.52 

5.35 

1.2352 

-0.4333 

0.8866 

1.0701 

0.3430 

1.0765 

-0.0281 

1.0759 

358.50 

5.40 

1.2337 

-0.4276 

0,8875 

1.0579 

0.3472 

1.0749 

-0.0263 

1.0753 

358.49 

5.45 

1.2322 

-0.4220 

0.8683 

1.0461 

0.3513 

1.0743 

-0.0285 

1 .0747 

358.46 

S.SO 

1.2306 

-0.4165 

0.8891 

1.0344 

0.3554 

1.0737 

-0.0287 

1.0741 

358.47 

5.55 

1 .2201 

-0.4112 

0.8900 

1.0231 

0.3595 

1 .0731 

-0.0288 

1.0735 

358.46 

5.60 

1.2276 

-0.4060 

0.8908 

1.0120 

0.3635 

1.0726 

-0.0290 

358.45 

5.65 

1.2261 

-0.4009 

0.8916 

1.0011 

0.3675 

1.0720 

-0.0291 

358.44 

5.70 

1.2246 

-0.3959 

0.8924 

0.9904 

0.3714 

1.0714 

-0.0293 

1.0718 

358.43 

5.75 

1.2231 

-0.3911 

0.8931 

0.9800 

0.3753 

1.0709 

-0.0294 

1.0713 

358.43 

5.80 

1.2216 

-0.3863 

0.8939 

0.9698 

0.3792 

1.0703 

-0.0295 

1.0707 

358.42 

5.85 

1.2202 

-0.3817 

0.8947 

0.9598 

0.3830 

1 .0698 

If  V  >ym 

358.41 

5.90 

1.2187 

-0.3771 

0.8954 

0.9500 

0.3888 

1.0693 

If 

358.41 

5.95 

1.2172 

-0.3727 

0.8962 

0.9404 

0.3905 

1.0687 

-0.0299 

358.40 

6.00 

1.2158 

-0.3684 

0.8969 

0.9309 

0.3942 

1.0682 

1.0686 

6.05 

1.2144 

-0.3641 

0.8976 

0.9217 

0.3978 

1.0677 

-0.0300 

358.39 

6.10 

1.2130 

-0.3600 

0.8983 

0.9126 

0.4015 

1.0672 

-0.0301 

If  •lili  il 

358.38 

6.15 

1.2116 

-0.3559 

0.8991 

0.9037 

0.4051 

1.0667 

-0.0302 

If  m 

358.38 

6.20 

1.2102 

-0.3519 

0.8997 

0.8950 

0.4086 

1.0662 

1.0666 

358.37 

6.25 

1 .2088 

-0.3480 

0.9004 

0.8864 

0.4121 

1.0657 

1 .0661 

358.37 

6.30 

1.2075 

-0.3442 

0.9011 

0.8780 

0.4156 

1.0652 

S'MiMifli 

1.0657 

358.37 

6.35 

1.2061 

-0.3404 

0.9018 

0.8698 

1.0647 

-0.0304 

1.0652 

358.36 

6.40 

1.2048 

-0.3368 

0.9025 

0.8617 

0.4225 

1.0643 

-0.0305 

1.0647 

358.36 

6  *45 

1.2035 

-0.3332 

0.9031 

0.4258 

1.0638 

-0.0305 

1.0643 

358.36 

6.50 

1.2021 

-0.3297 

0.9038 

0.8459 

0.4292 

1.0634 

1.0636 

358.35 

6.55 

1.2009 

-0.3262 

0.9044 

0.8382 

0.4325 

1.0629 

1.0633 

358.35 

6.60 

1.1996 

-0.3228 

0.9050 

0.8307 

0.4358 

1.0625 

-0.0306 

1 .0629 

358.35 

6.65 

1.1983 

-0.3105 

0.9056 

0.8232 

0.4390 

1.0620 

-0.0306 

1.0625 

358.35 

6.70 

1.1970 

-0.3162 

0.9063 

0.8160 

0.4422 

1.0616 

-0.0307 

1.0620 

358.35 

6.75 

1.1956 

-0.3130 

0.9069 

0.6088 

0.4454 

1.0611 

-0.0307 

1.0616 

358.34 

6.80 

1.1946 

-0.3099 

0.9075 

0.8017 

0.4485 

1.0607 

-0.0307 

1.0612 

358.34 

6.85 

1.1934 

-0.3068 

0.9081 

0.7948 

0.4517 

1 .0603 

-0.0307 

1.0607 

358,34 

6.90 

1.1922 

-0.3038 

0.9086 

0.7880 

0.4548 

1.0599 

-0.0307 

1,0603 

358.34 

6.95 

1.1910 

-0.3008 

0.9092 

0.7813 

0.4578 

1.0595 

-0.0307 

1.0599 

358.34 
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B 

REAL 

IMAG. 

MODULUS 

REAL 

IMAG. 

MODULUS 

xwsmm 

4,00 

-0.0953 

0.0152 

0.0965 

170.94 

0.8134 

0.3253 

0.6943 

27.94 

4. OS 

-0.0944 

0.0161 

0.0958 

170.32 

0.6191 

0.3220 

0.6978 

27.48 

4.10 

-0.0936 

0.0170 

0.0951 

169.73 

0.6245 

0.3187 

0.7011 

27.04 

4.15 

-0.0928 

0.0178 

0.0945 

169.16 

0.6298 

0.3155 

0.7044 

26.61 

4.20 

-0.0920 

0.0185 

0.0938 

168.61 

0.6349 

0.3123 

0.7076 

26.19 

4.25 

-0.0911 

0.0192 

0.0931 

168.08 

0.6399 

0.3091 

0.7107 

25.79 

4.30 

-0.0903 

0.0199 

0.0925 

167.56 

0.6447 

0.3061 

0.7137 

25.40 

4.35 

-0.0895 

0.0206 

0.0919 

167.07 

0.6494 

0.3030 

0.7166 

25.02 

4.40 

-0.0887 

0.0212 

0.0912 

166.58 

0.6539 

0.3001 

0.7194 

24.65 

4.45 

-0.0880 

0.0217 

0.0906 

166.12 

0.6583 

0.2971 

0,7222 

24.29 

4.50 

-0.0872 

0.0223 

0.0900 

165.67 

0.6625 

0.2943 

0.7249 

23.95 

4.55 

-0.0864 

0.0228 

0.0894 

165.23 

0.6667 

0.2915 

0.7276 

23.61 

4.60 

-0.0857 

0.0233 

0.0888 

164.80 

0.6707 

0.2887 

0.7302 

23.29 

4.65 

-0.0849 

0.0237 

0.0882 

164.39 

0.6746 

0.2860 

0.7328 

22.97 

4.70 

-0.0842 

0.0242 

0.0876 

163.99 

0.6785 

0.2833 

0.7353 

22.67 

4.75 

-0.0835 

0.0246 

0.0870 

163.60 

0.6822 

0.2807 

0.7377 

22.37 

4.80 

-0.0828 

0.0250 

0.0865 

163.22 

0.6859 

0.2782 

0.7401 

22.08 

4.85 

-0.0821 

0.0253 

0.0859 

162.84 

0.6894 

0,2757 

0.7425 

21.79 

4.90 

-0.0814 

0.0257 

0.0853 

162.48 

0.6929 

0.2732 

0.7448 

21.52 

4.95 

-0.0807 

0.0260 

0.0848 

162.13 

0.6963 

0.2708 

0.7471 

21.25 

5.00 

-0.0800 

0.0263 

0.0842 

161.79 

0.6996 

0.2684 

0.7493 

20.99 

5. 05 

-0.0793 

0.0266 

0.0837 

161.45 

0.7028 

0.2661 

0.7515 

20.74 

5.10 

-0.0787 

0.0269 

0.0832 

161.12 

0.7060 

0,2638 

0.7537 

20.49 

5.15 

-0.0780 

0.0272 

0.0826 

160.80 

0.7091 

0.2615 

0.7558 

20.24 

5.20 

-0.0774 

0.0274 

0.0821 

160.49 

0.7121 

0.2593 

0.7579 

20.01 

5.25 

-0.0768 

0.0277 

0.0816 

0.7151 

0.2571 

0.7599 

19.78 

5.30 

-0,0761 

0.0279 

0.0811 

159.89 

0.7180 

0.2550 

0.7619 

19.55 

5.35 

-0.0755 

0.0281 

0.0806 

159.59 

0.7209 

0.2529 

0.7639 

19.33 

5.40 

-0.0749 

0.0283 

0.0801 

159.31 

0.7236 

0.2508 

0.7659 

19.12 

5.45 

-0.0743 

0.0285 

0.0796 

159.03 

0.7264 

0.2488 

0.7678 

18.90 

5.50 

-0.0737 

0.0287 

0.0791 

158.75 

0.7291 

0.2468 

0.7697 

18.70 

5.55 

-0.0731 

0.0288 

0.0786 

158.48 

0.7317 

0.2448 

0.7716 

5.60 

-0.0726 

0.0290 

0.0781 

158.22 

0.7343 

0.2428 

0.7734 

5.65 

-0.0720 

0.0291 

0.0777 

157.96 

0.7368 

0.2409 

0,7752 

18,11 

5.70 

-0.0714 

0.0293 

0.0772 

157.71 

0.7393 

0.2390 

0.7770 

17.92 

5.75 

-0.0709 

0.0294 

0.0767 

157.46 

0.7418 

0.2372 

0.7788 

17.73 

5.80 

E>  •£<3 

0.0295 

0.0763 

157.21 

0.7442 

0.2353 

0.7805 

17.65 

5.85 

El 

0.0297 

0.0758 

156.98 

0.7465 

0.2335 

0.7822 

17.37 

5.90 

0.0298 

0.0754 

156.74 

0.7488 

0.2317 

0.7839 

17,20 

5.95 

Ellttlil 

0.0299 

0.0749 

156.51 

0.7511 

0.2300 

0.7855 

17.02 

6.00 

-0.0682 

0.0300 

0.0745 

156.29 

0.7533 

0.2282 

0.7872 

16.86 

6.05 

-0.0677 

0.0300 

0.0741 

156.07 

0.7555 

0.2265 

0.7888 

16.69 

6.10 

-0.0672 

0.0301 

0.0736 

155.85 

0.7577 

0.2249 

0.7903 

16.53 

6.15 

-0.0667 

0.0302 

0.0732 

155.64 

0.7598 

0.2232 

0.7919 

16.37 

6.20 

-0.0662 

0.0303 

0.0728 

155.43 

0.7619 

0.2215 

0.7934 

16.21 

6.25 

-0.0657 

0.0303 

0.0724 

155.22 

0.7839 

0.2199 

0.7950 

16.06 

6.30 

-0.0652 

0.0304 

0.0720 

155.02 

0.7659 

0.2183 

0.7965 

15.91 

6.35 

-0.0647 

0.0304 

0.0715 

154.82 

0.7679 

0,2168 

0.7979 

15.76 

6.40 

-0.0643 

0.0305 

0.0711 

154.63 

0.7699 

0.2152 

0.7994 

15.62 

6.45 

-0.0638 

0.0305 

0.0707 

154.44 

0.7718 

0.2137 

0.8008 

15.48 

6.50 

-0.0634 

0.0306 

0.0703 

154.25 

0.7737 

0.2122 

0.8022 

15.34 

6.55 

0.0306 

0.0699 

154.06 

0.7755 

0.2107 

0.8036 

15.20 

6.60 

-0.0625 

0.0306 

9.0696 

153.86 

0.7773 

0.2092 

0.8050 

15.06 

6.65 

-0.0620 

0.0306 

0.0692 

153.71 

0.7791 

0.2077 

0.8063 

14.93 

6.70 

-0.0616 

0.0307 

0.0688 

153.53 

0.7809 

0.2063 

0.8077 

14.80 

6.75 

-0.0811 

0.0307 

0.0684 

153.36 

0.7828 

0.2049 

0.8090 

14.67 

6.80 

-0.0607 

0.0307 

0.0680 

153.19 

0.7843 

0.2035 

0.8103 

14.54 

6.85 

-0.0603 

0.0307 

0.0677 

153.03 

0.7860 

0.2021 

0.8116 

14,42 

6.90 

-0.0599 

0.0307 

0.0673 

152.86 

0.7877 

0.2007 

0.8128 

14.30 

6.95 

-0.0595 

0.0307 

0.0669 

152.70 

0.7893 

0.1994 

0.8141 

14;  18 
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(r  *  0.00 


1.1808 

1.1886 

1.1876 

1.1863 

1.1862 

1.1841 

1.1830 

1.1819 

1.1808 

1.1797 

1.1787 

1.1776 

1.1766 

1.1756 

1.1746 


1.1597 

1.1588 

1.1580 

1.1671 

1.1563 

1.1555 
1 .1547 


1.1500 

1.1492 

1.1485 

1.1477 

1.1470 

1.1463 

1.1455 

1.1448 

1.1441 

1.1434 

1.1427 

1.1420 

1.1414 

1.1407 

1.1400 

1.1393 

1.1387 

1.1380 


-0.2979 

-0.2951 

-0.2923 

-0.2895 

-0.2868 

-0.2841 

-0.2815 

-0.2789 

-0.2764 

-0.2739 

-0.2715 

-0.2691 

-0.2667 

-0.2644 

-0.2621 

-0.2599 

-0.2577 

-0.2556 

-0.2534 

-0.2513 

-0.2492 

-0.2472 

-0.2451 

-0,2432 

-0.2412 

-0.2393 

-0.2374 

-0.2356 

-0.2337 

-0.2319 

-0.2301 

-0.2284 

-0.2267 

-0.2260 

-0.2233 

-0.2216 

-0.2200 

-0.2184 

-0.2168 

-0.2153 

-0.2137 

-0.2122 

-0.2107 

-0.2092 

-0.2078 

-0.2063 

-0.2049 

-0.2035 

-0.2021 

-0.2006 


-0.1929 

-0.1917 

-0.1905 

-0.1892 

-0.1880 


0.9141 

0.9146 

0.9151 

0.9156 

0.9161 

0.9166 

0.9171 

0.9176 

0.9180 

0.9185 

0.9190 

0.9194 

0.9199 

0.9203 

0.9208 

0.9212 

0.9216 

0.9220 

0.9225 

0.9229 

0.9233 

0.9237 

0.9241 

0.9245 

0.9249 

0.9253 

0.9257 

0.9201 

0.9265 

0.9268 

0.9272 

0.9276 

0.9279 

0.9283 

0.9287 

0.9290 

0.9294 

0.9297 

0.9300 

0.0304 

0.0307 

0.9311 


0.9330 

0.9333 

0.9336 

0.9339 

0.9342 


0.7747 

0.7682 

0.7618 

0.7556 

0.7404 

0.7433 

0.7373 

0.7314 

0.7256 

0.7199 

0.7143 

0.7087 

0.7033 

0.6970 

0.6026 

0.6874 

0.6822 

0.6772 

0.6722 

0.6673 

0.6624 

0.6576 

0.6529 

0.6483 

0.6437 

0.6392 

0.6347 

0.6303 

0.6260 

0.6217 

0.6175 

0.6133 

0.6092 

0.6051 

0.6011 

0.5972 

0.5933 

0.5894 

0.5858 

0.5818 

0.5781 

0.5745 

0.5709 

0.5673 

0.5638 

0.5603 

0.5568 

0.5534 

0.5501 

0.5468 

0.5435 

0.5402 

0.5370 

0.5339 

0.5307 

0.5276 

0.5246 

0.5215 

0.5186 

0.5156 


-2rX. 

t  X 


0.4608 

0.4638 

0.4868 

0.4697 

0.4727 

0.4755 

0.4784 

0.4812 

0.4840 

0.4868 


0.5504 

0.5525 

0.5547 

0.5568 

0.5589 

0.5609 

0.5630 

0.5650 

0.5671 

0.5691 

0.5711 

0.5730 

0.5750 

0.5769 

0.5788 

0.5807 

0.5826 

0.5845 

0.5863 

0.5882 

0.5900 

0.5918 

0.5936 

0.5954 

0.5971 


1.0591 

1.0587 

1.0583 

1.0579 

1.0575 

1.0571 
1 .0567 
1.0564 
1.0560 
1.0556 

1.0553 

1.0549 

1.0546 

1.0542 

1.0539 

1.0536 

1.0532 

1.0529 

1.0526 

1.0522 

1.0519 

1.0516 

1.0513 

1.0510 

1.0507 

1.0504 

1.0501 

.0498 

1.0495 

1.0402 

1.0489 

1.0487 

1.0484 

1.0481 

1.0478 

1.0476 
1.0473 
1.0470 
1 .0468 
1.0465 

1.0463 
1.0460 
1.0458 
1.0455 
1 .0453 

1 .0450 
1.0448 
.0445 
.0443 
.0441 

1.0430 

1.0436 

1.0434 

1.0432 

1.0430 

1.0427 

1.0425 

1.0423 

1.0421 

1.0419 


.0307 

.0307 

.0307 

-0.0307 

-0.0306 


.0305 

0.0305 

0.0304 

0.0304 

.0304 


.0303 

.0303 

.0303 

0.0302 

0.0302 


-0.0301 

-0.0301 

-0.0300 

-0.0300 

-0.0290 


-0.0293 

-0.0293 

-0.0292 

-0.0291 

-0.0291 

-0.0290 

-0.0290 

-0.0289 

-0.0288 

-0.0288 

-0.0287 

-0.0286 

-0.0286 

-0.0285 

-0.0284 

-0.0284 

-0.0283 

-0.0283 

-0.0282 

-0.0281 

-0.0281 

-0.0280 

-0.0279 

-0.0279 

-0.0278 


I .0576 
1.0572 
1 .0568 
1.0564 
1.0561 


1.0494 

1.0491 

1.0488 

1.0485 

1.0482 

1.0480 

1.0477 

1.0474 

1.0472 

1.0469 

1.0467 

1.0464 

1.0462 

1.0459 

1.0457 

1.0454 

1.0452 

1.0449 

1.0447 

1.0445 

1.0442 

1.0440 

1.0438 

1.0436 

1.0433 

1.0431 

1.0429 

1.0427 

1.0425 

1.0423 


358.34 

358.34 

358.34 

358.34 

358.34 

358.34 

358.34 

358.34 

358.34 

358.34 

358.34 

358.35 

358.35 

358.35 

358.35 

358.35 

358.35 

358.35 

358.36 

358.36 

358.36 

358.36 

358.36 

358.37 

358.37 

358.37 

358.37 

358.38 

358.38 

358.38 

358.38 

358.39 

358.39 

358.39 

358.39 

358.40 

358.40 

358.40 

358.41 

358.41 

358.41 

358.41 

358.42 

358.42 

358.42 

358.43 

358.43 

358.43 

358.44 

358.44 

358.44 

358.45 

358.45 

358.45 

358.46 

358.46 

358.46 

358.47 

358.47 

358.47 


-0.1869  0.9345  0.5127  0.5989  1.0417  1  -0.0277  1.0420  I  358.48 
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a-s  0.00 


-0.0591 

-0.0587 

-0.0583 

-0,0579 

-0.0575 

-0.0571 

-0.056? 

-0.0564 

-0.0560 

-0.0556 

-0.055^ 

-0.0549 

-0.0546 

-0.0542 

-0.0539 

-0.0536 

-0.0532 

-0.0529 

-0.0S2S 

-0.0522 

-0.0519 

-0.0516 

-0.0513 

-0.0510 

-0.0507 

-0.0504 

-0.0501 

-0.0408 

-0.0495 

-0.0402 

-0.0480 

-0.0487 

-0.0484 

-0.0481 

-0.0478 

-0.0476 
73 


-0.0463 

-0.0480 

-0.0458 

-0.0455 

-0.0453 

-0.0450 

-0.0448 

-0.0445 

-0.0443 

-0.0441 

-0.0439 

-0.0436 

-0.0434 

-0.0432 

-0.0430 

-0.0427 

-0.0425 

-0.0423 

-0.0421 

-0.0419 


0.0307 

0,0307 

0.0307 

0.0307 

0.0306 

0.0306 

0.0306 

0.0306 

0.0306 

0.0305 

0.0305 

0.0305 

0.0304 

0.0304 

0.0304 

0.0303 

0.0303 

0.0303 

0.0302 

0.0302 

0.0301 

0,0301 

0.0300 

0.0300 

0.0299 

0.0299 

0.0298 

0.0298 

0.0297 

0.0297 

0.0296 

0.0296 

0.0295 

0.0294 

0.0294 

0.0293 

0.0293 

0.0292 

0.0291 

0.0291 

0.0290 

0.0290 

0.0289 

0.0288 

0.0288 

0.0287 

0.0286 

0.0286 

0.0285 

0.0284 

0.0284 

0.0283 

0.0283 

0.0282 

0.0281 

0.0281 

0.0280 

0.0279 

0.0279 

0.0278 


0.0666 

0.0862 

0.0659 

0.0655 

0.0652 

0.0648 

0.0645 

0.0641 

0.0638 

0.0635 

0.0631 

0.0628 

0.0625 

0.0622 

0.0619 

0.0615 

0.0612 


151.80 

151.65 

151.51 

151.38 

151.24 

151.11 
.97 
.84 
.72 
.59 


0. 
0.059? 
0.0594 
0.0592 
0.0589 

0.0586 

0.0583 

0.0580 

0.0577 

0.0575 

0.0572 

0.0569 

0.0567 

0.0564 

0.0561 

0.0559 

0.0556 

0.0554 

0.0551 

0.0549 

0.0546 

0.0544 

0.0541 

0.0539 

0.0536 

0.0534 


0.0532 

0.0529 

0.0527 

0.0525 

0.0522 

0.0520 

0.0518 

0.0516 

0.0513 

0.0511 

0.0509 

0.0507 

0.0505 

0.0503 


149.88 

149.76 

149.65 

149.54 

149.44 

149.33 
149.22 
149.12 
149.02 
148.92 

148.82 

148.72 

148.62 

148.53 

148.44 

148.34 
148.25 
148.16 
148.07 
147.98 


0.7909 

0.7925 

0.7940 

0.7956 

0.7971 

0.7986 

0.8000 

0.8015 

0.8029 

0.8043 


146.79 


46 

46 

46 

46 


146.44 


0.8173 


0.8185 

0.8196 

0.8208 

0.8220 

0.8231 

0.8242 

0.8253 

0.8264 

0.8275 

0.8286 

0.8296 

0.8307 

0.8317 

0.8327 

0.8337 

0.8347 

0.8357 

0.8367 

0.8376 

0.8386 

0.6395 

0.8404 

0.8413 

0.8422 

0.8431 

0.8440 

0.8449 

0.8457 

0.8466 

0.8474 

0.8483 

0.8491 

0.8499 

0.8507 

0.8515 

0.8523 

0.8531 

0.8538 

0.8546 

0.8554 


/MAG.  \  MODULUS 


0.8153 

0.8165 

0.8177 

0.8189 

0.8201 

0.8212 

0.8224 

0.8235 

0.8246 

0.8257 

0.8268 

0.8278 

0.8289 

0.8299 

0.8309 

0.8320 

0.8330 

0.8340 

0.8349 

0.8359 

0,8368 

0.8378 

0,8387 

0.8396 

0.8406 

0.8415 

0.8423 

0.8432 

0.8441 

0.8450 

0.8458 

0.8467 

0.8475 

0.8483 

0.8491 

0.8499 

0,8507 

0.8515 

0.8523 

0.8531 

0.8538 

0.6546 

0.8553 

0.8561 

0.8568 

0.8575 

0.8583 

0.8590 

0.8597 

0.8604 


0.1799 
0. 1788 
0.1777 
0.1766 
0. 1756 

0.1745 

0.1735 

0.1724 

0.1714 

0.1704 


0.0277  0.0501  146.37  0.8561 


Y  ~2’rX. 

r  X 


1.11S7 

i.n67 

1.1178 

l.llSO 

1.1203 

1.1217 

1.1232 

1.1249 

1.1266 

1.1284 


-7.9883 
-7.2434 
-6 .5976 
-6.0338 
-5. 5389 

-5,1020 

-4.7144 

-4.3688 

-4,0594 

-3.7813 

-3.5304  ' 

-3.3032 

-3.0968 

-2.9088 

-2.7370 

-2.5796 

-2.4351 

-2.3020 

-2.1792 

-2.0657 


1.1304  I  - 


1.1546 

1.1573 

1.1599 

1.1626 

1.1652 

1.1677 

1.1702 

1.1726 

1.1749 

1,1771 


-1.9606 

-1.8631 

-1.7725 

-1.6881 

-1.6095 

-1.5362 

-1.4676 

-1.4035 

-1.3435 

-1.2873 

-1 .2346 
-1.1851 
-1.1386 
-1.0949 
-1.0539 


-1 .0152 


1.1865  I  - 


1.1880 

1.1894 

1.1906 

1.1917 

1.1928 

1.1936 

1.1944 

1.1951 

1.1956 

1.1961 

1.1964 

1.1967 

1.1968 

1.1969 

1.1969 


0.8528 

0.8255 

0.7998 

0.7754 

0.7523 


-0.6204 

-0.6050 

-0.5904 

-0.5764 

-0.5630 

-0.5502 

-0.5380 

-0.5263 

-0.5151 


0.4669 

0.4868 

0.5063 

0.5254 

0.5439 

0.5619 

0.5795 

0.5965 

0.6129 

0.6289 

0.6443 

0.6591 

0.6734 

0.6872 

0.7003 

0.7130 

0.7250 

0.7365 

0.7475 

0.7578 

0.7677 

0.7770 

0.7858 

0.7940 

0.8018 

0.8090 

0.8158 

0.8221 

0.8280 

0.8334 

0.8385 

0.8431 

0.8474 

0.8513 

0.8549 

0.8583 

0.8613 

0.8641 

0.8667 

0.8691 

0.8713 

0.8733 

0.8752 

0.8769 

0.8785 

0.8800 

0.8814 

0.8827 

0.8840 

0.8851 

0.8862 

0.8873 

0.8883 

0.8893 

0.8902 

0.8911 

0.8920 

0.8928 

■0.8936 

0.8944 


5.4706 

S.S936 

5.3140 

5.2320 

5.1477 

5.0613 

4.9730 

4.8829 

4.7913 

4.6982 

4.6038 

4.5084 

4.4120 

4.3150 

4.2173 

4.1193 

4.0212 

3.9230 

3.8249 

3.7273 

3.6302 

3.5338 

3.4382 

3.3438 

3.2506 

3.1589 

3.0687 

2.9802 

2.8936 

2.8091 

2.7266 

2.6464 

2.5685 

2.4930 

2.4200 

2.3494 

2.2813 

2.2157 

2.1526 

2.0920 


1.8241 

1.7771 

1.7321 

1.6890 

1.6478 

1.8084 

1.5706 

1.5345 

1.4999 

1.4667 

1.4350 

1.4045 
1.3753 
1.3473 
1 .3204 
1 .2946 


0.0042 

0.0045 

0.0049 

0.0053 

0.0058 

0.0063 

0.0069 

0.0076 

0.0083 

0.0091 

0.0100 

0.0110 

0.0121 

0.0134 

0.0147 

0.0163 

0.0179 

0.0198 

0.0218 

0.0241 

0.0265 

0.0292 

0.0321 

0.0353 

0.0387 

0.0425 

0.0465 

0.0508 

0.0554 

0.0603 

0.0654 

0.0709 

0.0766 

0.0827 

0.0889 

0.0954 

0.1021 

0.1091 

0.1162 

0.1234 

0.1308 

0.1383 

0.1460 

0.1636 

0.1614 

0.1691 

0.1769 

0.1847 

0.1925 

0.2002 

0.2079 

0.2156 

0.2232 

0.2307 

0.2381 

0.2455 

0.2528 

0.2599 

0.2670 

0.2740 


1.0229 

1.0256 

1.0284 

1.0313 

1.0342 


1.0521 

1.0548 

1.0572 

1.0594 

1.0614 


1.0621 

1.0804 

1.0585 

1.0563 

1.0540 

1.0515 

1.0489 

1.0462 

1.0434 

1.0406 

1.0377 


1.0210 

1.0184 

1.0158 

1.0133 

1.0109 


0.0146 

0.0159 

0.0171 

0,0184 

0.0195 

0.0207 

0.0217 

0.0226 

0.0234 

0.0241 

0.0245 

0.0248 

0.0248 

0.0246 

0.0241 

0.0233 

0.0222 

0.0208 

0.0191 

0.0170 

0.0146 

0.0119 

0.0089 

0.0056 

0.0020 

-0.0017 

-0.0057 

-0.0098 

-0.0140 

-0.0182 

-0.0225 

-0.0267 

-0.0309 

-0.0349 

-0.0389 

-0.0426 

-0.0462 

-0.0495 

-0.0527 

-0.0556 

-0.0583 

-0.0607 

-0.0630 

-0.0650 

-0.0669 

-0.0685 

-0.0699 

-0.0712 

-0.0723 

-0.0733 

-0.0742 

-0.0749 

-0.0755 

-0.0760 

-0.0764 


.0122 

.0141 

.0161 

.0183 

.0207 


1.0375 

1.0406 

1.0436 

1.0466 

.0495 

1.0522 

1.0549 

.0573 

.0595 

.0614 

1.0630 

1.0643 

1.0653 

1.0660 

1.0683 


1.0613 

1.0595 

1.0575 

1.0553 

1.0530 

1.0505 

1.0479 

1.0453 

1.0426 

1.0399 

1.0372 
1 .0344 
1.0317 
1.0290 
1.0264 

1.0237 

1.0212 

1.0186 

1.0162 

1.0138 

.0114 

.0091 

.0069 

1.0047 

1.0026 


359.91 

359.69 
359.47 
359.25 
359.02 

358.79 
358.56 
358.34 

358.12 

357.90 

357.70 
357.50 
357.32 
357.14 

358.97 

356.82 

356.68 

356.55 
356.42 
356.31 

356.21 

356.12 
356.04 

355.97 

355.90 

355.85 

355.79 
355.75 

355.71 

355.68 

355.65 

355.63 

355.61 

355.59 

355.56 


WADC  TR  56-614 


A-70 


3 


25 


-0.0051 

-0.0062 

-0.0074 

-0.0088 

-0.0103 

-0.0120 

-0.0138 

-0.0150 

-0.0181 

-0.0204 

-0.0229 

-0.0256 

-0.0284 

-0.0313 

-0.0342 

-0.0373 

-0.0403 

-0.0434 

-0.0464 

-0.0493 

-0.0521 

-0.0548 

-0.0572 

-0.0594 

-0.0614 

-0.0630 

-0.0643 

-0.0653 

-0.0659 

-0.0661 

-0.0660 

-0.0655 

-0.0647 

-0.0636 

-0.0621 

-0.0604 

-0.0585 

-0.0563 

-0.0540 

-0.0515 

-0.0489 

-0,0462 

-0.0434 

-0.0406 

-0.0377 

-0.0349 

-0.0321 

-0.0292 

-0.0265 

-0.0237 

-0.0210 

-0.0184 

-0,0158 

-0.0133 

-0.0109 

-0.0085 

-0.0062 

-0.0039 

-0.0017 

0.0004 


-0.0146 

-0.0159 

-0.0171 

-0.0184 

-0.0195 

-0.0207 

-0.0217 

-0.0220 

-0.0234 

-0.0241 

-0.0245 

-0.0248 

-0,0248 

-0.0246 

-0.0241 

-0.0233 

-0.0222 

-0.0208 

-0.0191 

-0.0170 

-0.0146 

-0.0119 

-0.0089 

-0.0056 

-0.0020 


0.0556 

0.0583 


0. 

0.0669 

0.0685 

0.0699 

0.0712 

0.0723 

0.0733 

0.0742 

0.0749 

0.0755 

0.0760 

0.0764 

0.0767 

0.0770 

0.0772 

0.0773 

0.0774 


0.0697 

0.0708 

0.0717 

0.0725 

0.0733 

0.0739 

0.0745 

0.0750 

0.0754 

0.0758 

0.0761 

0.0763 

0.0765 

0.0767 

0.0768 

0.0769 
0.0769 
0.0770 
0.0770 
1 


250.65 

248.68 

246.62 

244.46 
242.22 

239.88 

237.46 

234.95 
232.36 

229.68 

226.93 

224.10 
221.19 
218.21 
215.16 

212.05 

208.88 

205.65 
202. SB 
109.04 

195.67 
192.27 

188.83 
185.38 
181.91 

178.43 

174.95 

171.48 
168.03 
164.59 

161.18 

157.81 

154.49 
151.21 
147.98 

144.81 
141.71 

138.67 
135.70 

132.81 

129.M 

127.24 

124.57 

121.97 

119.45 

117.00 

114.63 
112.33 

110.10 

107.93 

105.84 

103.81 

101.85 
99.94 
98.10 


0.0134 

0.0163 

0.0196 

0.0233 

0.0275 

0.0322 

0.0375 

0.0434 

0.0499 

0.0570 

0.0648 

0.0733 

0.0825 

0.0924 

0.1030 

0.1143 
0.1263 
0. 1389 
0.1523 
0.1663 

0.1808 

0.1959 

0.2115 

0.2276 

0.2440 

0.2607 

0.2776 

0.2946 

0.3117 

0vS288 

0.3458 

0.3627 

0.3793 

0.3955 

0.4115 

0.4270 

0.4421 

0.4568 

0.4709 

0.4845 

0.4976 

0.5101 

0.5222 

0.5337 

0.5447 

0.5552 

0.5652 

0.5748 

0.5840 

0.5927 

0.6010 

0.6089 

0.6165 

0.6237 

0.6307 

0.6373 

0.6436 

0.6497 

0.6555 

0.6611 


0.1078 

0.1185 

0.1296 

0.1411 

0.1529 

0.1651 

0.1775 

0.1902 

0.2031 

0,2161 

0.2292 

0.2423 

0.2554 

0.2684 

0.2813 

0.2940 

0.3063 

0.3183 

0.3299 

0.3410 

0.3516 

0.3615 

0.3707 

0.3793 

0.3870 


0.4030 

0.3992 

0.3950 

0.3908 

0.3863 

0.3818 

0.3772 

0.3725 

0.3679 

0.3632 

0.3585 

0.3539 

0.3493 

0.3447 

0.3403 

0.3358 

0.3315 

0.3273 

0.3231 


0.1087 
0.1196 
0.1311 
0.1430 
0. 1554 

0.1682 

0.1814 

0,1951 

0.2091 

0.2235 

0.2382 

0.2532 

0.2684 

0.2839 

0.2996 

0.3154 

0.3313 

0.3473 

0.3634 

0.3794 

0.3953 

0.4112 

0.4269 

0.4423 

0.4575 

0.4724 

0.4870 

0.5012 

O.SISO 

0.5283 

0.5412 

0.5536 

0.5655 

0.5769 

0.5878 

0.5981 

0.6080 

0.6174 

0.6262 

0.6346 


WABC  TR  66-614 


A-71 


<r  =  0.25 


-0.5043 

-0.4040 

-0.4841 

-0.474S 

-0.4854 

-0.4565 

-0.4480 

-0.4388 

-0.4319 

-0.4243 

-0.4169 

-0.4008 

-0.4020 

-0.3062 

-0.3808 

-0.3835 

-0.3775 

-0.3716 

-0.3650 

-0.3604 

-0.3550 
-0.3408 
-0.3447 
-0.3397 
-0.  - 


1.1660 


-0.2572 

-0.2544 


0.8052 

0.8060 

0.8067 

0.8075 

0.8982 

0.8980 

0.8907 

0.0004 

0.0011 

0.0017 

0.9024 

0.0031 

0.0038 

0.0044 

0.9051 

0.0058 

0.9064 

0.9070 

0.0077 

0.0083 


0.0120 

0,0126 

0,0132 

0.9137 

0.9143 

0.0140 

0.0155 

0.9160 

0.9166 

0.9171 

0.9177 

0.0182 

0.9187 

0.9193 

0.0198 

0.9203 

0.9208 

0.9213 

0.9218 

0,9223 

0.0228 

0.0232 

0.9237 

0.9242 

0.9246 

0.9251 

0.9255 

0.9260 

0.9264 

0.9269 

0.9273 

0.9277 

0.9281 

0.9286 

0.0200 


-2^1 
t  X 

1.2607 

0.2600 

1.2459 

0.2877 

1.2229 

0.2044 

1.2008 

0.3010 

1.1705 

0.3074 

1.1590 

0.3138 

1.1392 

0.3201 

1.1201 

0.3262 

1.1017 

0.3323 

1.0830 

0.3383 

1.0668 

0.3442 

1.0500 

0.3490 

1.0339 

0.3556 

1.0183 

0;3612 

1.0031 

0.3667 

0.9885 

0.3721 

0.9743 

0.3775 

0.0604i 

0.3827 

0.0470 

0.3870 

0.0340 

0.3930 

0.0214 

0.3080 

0.0090 

0.4020 

0.8971 

0.4078 

0.8854 

0.4126 

0.8740 

0.4173 

0.8629 

0.4219 

0.8522 

0.4265 

0.8416 

0.4310 

0.8314 

0.4355 

0.8213 

0.4398 

0.8116 

0.4442 

0.8020 

0.4484 

0.7927 

0.4526 

0.7835 

0.4568 

0,7748 

0.4609 

0.7659 

0.4849 

0.7573 

0.4689 

0.7400 

0.4728 

0.7408 

0.4767 

0.7328 

0.4806 

0.7250 

0.4843 

0.7173 

0.4881 

0.7008 

0.4018 

0.7024 

0.4054 

0.6952 

0.4000 

0.6881 

0.5025 

0.6812 

0.5060 

0.6743 

0.5095 

0.6677 

0.5120 

0.0611 

0,5163 

0.6547 

0,5196 

0.6484 

0.5220 

0.0422 

0.5261 

0.6361 

0.5204 

0.6301 

0.5325 

0,6243 

0.5357 

0.6185 

0.5388 

0.6128 

0.5418 

0.6073 

0.5448 

0.6018 

0,5478 

MODUWS^ 


0.0975 

0.0055 

0.9936 

0.9917 

0.9898 

0,0881 

0.9863 

0.0846 

0.0830 

0.0814 

0.0798 

0.0783 

0.0760 

0.0754 

0.9740 

0.0727 

0.9713 

0.9700 

0.0687 

0.0675 

0.0663 

0.9651 

0.0630 

0.0628 

0.0617 

0.9606 

0.9505 

0.0585 

0.9574 

0.0564 


-0,0704 

-0.0701 

-0.0696 

-0.0604 

-0.0601 

-0.0688 

-0.0685 

-0.0681 

-0.0678 

-0.0675 

-0,0672 

-0.0668 

-0.0665 

-0.0662 

-0.0650 

-0,0655 

-0.0652 

-0,0640 

-0.0646 

-0.0643 

-0.0630 

-0.0636 


1.0005 

0.9985 

0.9066 

0.9947 

0,9928 

0.9010 

0.9893 

0.9876 

0.9860 

0.9843 

0.0828 

0.0813 

0.0798 

0.0783 

0.0760 

0.0755 

0.0742 

0.0728 

0.9715 

0.9703 

0.9690 

0.0678 

0.0666 

0.0655 

0.0643 

0.9632 

0.0621 

0.0611 

0.9600 

0.9500 

0.0580 

0.9570 

0.0560 

0.0551 

0.0541 

0.9532 

0.9523 

0.0514 

0.0505 

0.9497 

0.9488 

0.9480 

0.0472 

0.0464 

0.0456 

0.9448 

0,9440 

0.9433 

0.9426 

0.0418 

0.0411 

0.0404 

0.0397 

0.0390 

0.0384 

0.0377 

0.9370 

0.9364 

0.0358 

0.9352 


355.56 

355.56 

355.55 

355.55 

355.55 

355.55 

355.55 

355.55 

355.56 

355.56 

355.57 

355.58 

355.59 

355.60 

355.61 

355.62 

355.63 

355.64 

355.65 

355.67 

355.68 
355.60 

355.71 

355.72 

355.73 

355.75 

355.76 
355.78 
356.70 

355.81 

355.82 

355.84 

355.85 
355.87 
355.80 

355.00 

355.92 

355.93 
355.95 
355.06 

355.08 

356.00 

356.01 

356.03 

356,05 

356.06 
356,08 
356.00 
356. 
356. 


WADC  TR  66>614 


A-.72 


<r*  0.28 


0.0025 

0.0045 

0.0064 

0.0083 

0.0102 

0.0118 

0.0137 

0.0154 

0.0170 

0.0186 

0.0202 

0.0217 

0.0231 

0.0246 

0.0260 


0.0482 

0.0501 

0.0510 

0.0518 

0.0527 


0.0661 

0.0678 

0.0675 

0.0672 

0.0668 

0.0665 

0.0662 

0.0658 

0.0655 

0.0652 

0.0648 

0.0646 

0.0643 

0.0638 

0.0636 

0.0638 

0.0680 

0.0627 

0.0624 

0.0621 

0.0618 

0.0615 

0.0612 

0.0608 

0.0606 


0.0785 

0.0787 

0.0788 

0.0780 

0.0782 

0.0784 

0.0786 

0.0788 

0.0800 

0.0802 

0.0804 

0.0806 

0.0608 

0.0611 

0.0813 

0.0816 

0.0618 

0.0620 

0.0823 

0.0825 

0.0628 

0.0630 

0.0633 

0.0635 

0.0838 

0.0641 

0.0643 

0.0646 

0.0648 

0.0851 

0.0854 

0.0856 

0.0858 

0.0861 

0.0864 

0.086.6 

0.0868 

0.0872 

0.0874 

0.0877 

0.0878 

0.0882 

0,0884 

0.0887 

0.0888 

0.0882 

0.0884 

0.0887 

0.0888 

0.0802 


88.17 

86.68 

85.25 

83.85 

82.48 

81.16 

78.80 

78.65 

77.44 

76.27 


48.50 

47.88 

47.48 

47.00 

46.53 

46.06 

45.58 

45.14 

44.70 

44.26 


0.6664 

0.6716 

0.6766 

0.6814 

0.6860 

0.6804 

0.6847 

0.6888 

0.7028 

0.7068 

0.7106 

0.7143 

0.7178 

0.7213 

0.7247 

0.7280 

0.7311 

0.7343 

0.7373 

0.7403 

0.7432 

0.7400 

0.7487 

0.7514 

0.7541 

0.7567 

0.7582 

0.7617 

0.7641 

0.7665 

0.7688 

0.7711 

0.7733 

0.7755 

0.7770 

0.7788 

0.7818 

0.7838 

0.7858 

0.7878 

0.7887 

0.7816 

0.7835 

0.7853 

0.7871 

0.7888 

0.8005 

0.8022 

0.8039 

0.8055 

0.8072 

0.8087 

0.8103 

0.8118 

0.8133 


0.3180 

0.3150 

0.3111 

0.3073 

0.3035 

0.2988 

0.2983 

0.2828 

0.2884 

0.2861 

0.2828 

0.2787 

0.2766 

0,2736 

0.2706 

0.2677 

0.2648 

0.2621 

0.2584 

0.2568 

0.2542 

0.2517 

0.2482 

0.2467 

0.2444 

0.2420 

0.2387 

0.2375 

0.2353 

0.2331 

0.8310 

0.2288 

0.2269 

0.2248 

0.8228 

0.2808 

0.2180 

0.2171 

0.2153 

0.8135 


mxajjs 


0.7389 

0.7418 

0.7447 

0.7474 

0.7501 

0.7527 

0.7553 

0.7577 

0.7602 

0.7625 

0.7648 

0.7671 

0.7693 

0.7714 

0.7735 

0.7756 

0.7777 

0.7786 

0.7816 

0.7835 

0.7854 

0.7873 

0.7881 

0.7908 

0.7827 


WADC  TR  56>614 


A-73 


3.3 

ff-  s  0.25 

D 

llg 

im 

/ 
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-Zirl 
{  X 
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V 

fiEAL 

/MAG. 

X 

REAL 

IMAG. 

MODUUJS 

mtiiumm 

1.1473 

-0.2198 

0.9204 

0.5964 

0.5508 

0.9326 

-0.0603 

0.9345 

356.30 

1.1465 

-0.2177 

0.9298 

0.5912 

0.5537 

0.9320 

-0.0600 

0.9339 

356.32 

BffS 

1.1457 

-0.2156 

0.9302 

0.5860 

0.5566 

0.9314 

-0.0597 

0.9333 

356.33 

1.1449 

-0.2135 

0.9306 

0.5809 

0.5594 

0.9309 

-0.0594 

0.9328 

356.35 

1.1442 

-0.2115 

0.0309 

0.5758 

0.5622 

0.9303 

-0.0591 

0.9322 

356.37 

7.25 

1.1434 

-0.2095 

0.9313 

0.5709 

0.5650 

0.9297 

-0.0588 

0.9316 

356.38 

7.30 

1.1426 

-0.2076 

0.9317 

0.5661 

0.5678 

0.9292 

-0.0585 

0.9310 

356.40 

7.35 

1.1419 

-0.2057 

0.9321 

0.5613 

0.5705 

0.9287 

-0.0582 

0.9305 

856.41 

7.40 

1.1411 

-0.2038 

0.9324 

0.5566 

0.5732 

0.9281 

-0.0579 

0.9299 

356.43 

7.45 

1.1404 

-0.2019 

0.0328 

0.5520 

0.5756 

0.9276 

-0.0577 

0.9294 

356.44 

7.50 

1.1396 

-0.2001 

0.9332 

0.5474 

0.5784 

0.9271 

-0.0574 

0.9289 

356.46 

7.55 

1.1389 

-0.1083 

0.9335 

0.5430 

0.5810 

0.9266 

-0.0571 

0.9284 

356.47 

7.60 

1.1382 

-0.1066 

0.9330 

0.5386 

0.5836 

0.9261 

-0.0568 

0.9278 

356.49 

7.65 

1.1375 

-0.1946 

0.9342 

0.5342 

0.5861 

0.9256 

-0.0566 

0.9273 

356.50 

7.70 

1.1368 

-0.1931 

0.9346 

0.5300 

0.5886 

0.9251 

-0.0563 

0.9268 

356.52 

7.75 

1.1360 

-0.1915 

0.9349 

0.5258 

0.5911 

0.9246 

-0.0560 

0.9263 

356.53 

nfilii 

1.1354 

-0.1898 

0.9353 

0.5216 

0.5936 

0.9242 

-0.0558 

0.9259 

356.55 

7.85 

1.1347 

-0.1882 

0.9356 

0.5176 

0.5960 

0.9237 

-0.0555 

0.9254 

356.56 

7.90 

1.1340 

-0.1866 

0.9359 

0.5135 

0.5984 

0.9233 

-0.0552 

0.9249 

356.58 

7.95 

1.1333 

-0.1851 

0.9363 

0.5096 

0.6007 

0.9228 

-0.0550 

0.9244 

356.59 

8.00 

1.1326 

-0.1835 

0.9366 

0.5057 

0.6031 

0.9224 

-0.0547 

0.9240 

356.61 

8.05 

1.1320 

-0.1820 

0.9369 

0.5019 

0.6054 

0.9219 

-0.0544 

0.9235 

356.62 

8.10 

1.1313 

0.9372 

0.4981 

0.6077 

0.9215 

-0.0542 

0.9231 

356.63 

8.15 

1 .1307 

0.9375 

0.4944 

0.6100 

0.9210 

-0.0539 

0.0226 

356.65 

8.20 

1.1300 

Imsi 

0.9378 

0.4907 

0.6122 

0.9206 

-0.0537 

0.9222 

356.66 

■11 

1.1204 

-0.1762 

0.9381 

0.4871 

0.6144 

0.9202 

-0.0534 

0.9218 

356.68 

1.1288 

-0.1748 

0.9364 

0.4835 

0.6166 

0.9198 

-0.0532 

0.9213 

356.69 

kEs 

1.1281 

-0.1734 

0.9387 

0.4800 

0.6188 

0.9194 

-0.0529 

0.9209 

356.70 

8.40 

1.1275 

-0.1720 

0.9390 

0.4766 

0.6209 

-0.0527 

0.9205 

356.72 

8.45 

1.1269 

-0.1707 

0.9393 

0.4731 

0.6230 

0.9186 

-0.0525 

0.0201 

356.73 

8.50 

1.1263 

-0.1604 

0.9306 

0.4698 

0.6251 

0.9182 

-0.0522 

0.0197 

356.74 

8.55 

1.1257 

-0.1681 

0.9399 

0.4665 

0.6272 

0.9178 

-0.0520 

0.9193 

356.76 

8.60 

1.1251 

-0.1668 

0.9402 

0.4632 

0.6293 

0.9174 

-0.0617 

0.9189 

356.77 

8.65 

1.1245 

0.9405 

0.4600 

0.6313 

0.9170 

-0.0515 

0.0185 

356.78 

8.70 

1.1239 

MM 

0.9408 

0.4568 

0.6333 

0.9167 

-0.0513 

0.9181 

356.80 

8.75 

-0.1631 

0.9410 

0.4536 

0.6353 

0.9163 

-0.0510 

0.9177 

356.81 

8.80 

-0.1618 

0.9413 

0.4505 

0.6373 

0.9159 

-0.0508 

0.9173 

356.82 

8.85 

BSIMm 

0.9416 

0.4475 

0.6392 

0.9156 

-0.0506 

0.9170 

356.84 

8.90 

1.1216 

-0.1505 

0.9419 

0.4444 

0.6412 

0.9152 

-0.0504 

0.9166 

356.85 

8.95 

1.1211 

-0.1583 

0.9421 

0.4415 

0.6431 

0.9149 

-0.0501 

0.9162 

356.86 

9.00 

1.1205 

-0.1572 

0.4385 

0.6450 

0.9145 

-0.0499 

0.9159 

356.88 

9.05 

1.1200 

-0.1561 

0.9426 

0.4356 

0.6469 

0.9142 

-0.0497 

0.9155 

356.89 

9.10 

1.1194 

-0.1549 

0.9429 

0.4328 

0.6487 

0.9138 

-0.0495 

0.9152 

356.90 

9.15 

1.1180 

-0.1538 

0.9432 

0.4289 

0.6506 

0.9135 

-0.0493 

0.9146 

356.91 

9.20 

1.1184 

0.9434 

0.4271 

0.6524 

0.9132 

-0.0491 

0.9145 

356.93 

9.25 

1.1178 

-0.1517 

0.9437 

0.4244 

0.6542 

0.9128 

-0.0488 

0.9141 

356.94 

9.30 

1.1173 

-0.1506 

0.9439 

0.4217 

0.6560 

0.9125 

-0.0486 

0.9138 

356.95 

9.35 

1.1168 

-0.1496 

0.9442 

0.4190 

0.6577 

0.9122 

-0.0484 

0.0135 

356.96 

9.40 

1.1163 

-0.1486 

0.9444 

0.4163 

0.6595 

0.9119 

-0.0482 

0.0131 

356.97 

9.45 

1.1158 

-0.1476 

0.9446 

0.4137 

0.6612 

0.9116 

-0.0480 

356.99 

9.50 

1.1153 

-0.1466 

RIP  V 

0.4111 

0.6629 

0.9112 

-0.0478 

0.9125 

357.00 

9.55 

1.1140 

-0.1456 

■  ■  1  S 

0.4086 

0.6646 

0.9109 

-0.0476 

0.9122 

357.01 

9.60 

1.1143 

-0.1446 

■  <  >  -IK 

0.4060 

0.6663 

0.9106 

-0.0474 

0.9110 

357.02 

9.65 

1.1138 

-0.1437 

■  <  1  W 

0.4035 

0.6679 

0.9103 

Blml 

0.9116 

357.03 

9.70 

1.1133 

-0.1427 

0.9458 

0.4011 

0.6696 

0.9100 

0.9113 

357 .04 

9.75 

-0.1418 

0.9460 

0.3986 

0.6712 

0.9097 

-0.0468 

0.0109 

357 .06 

9.80 

■Mi 

E  >  1  1  ; 

0.3982 

0.6728 

0.9095 

-0.0466 

0.9106 

357.07 

9.85 

1.1119 

E  1  ■  ^ 

0.9465 

0.3939 

0.6744 

0.9092 

-0.0464 

BSZIiil 

357.08 

9.90 

1.1114 

E  4  1  ^  !|iH 

0.9467 

0.3915 

0.6760 

-0.0462 

357.09 

9.95 

1.1109 

-0.1382 

0.9469 

0.3892 

0.6776 

-0.0460 

0.9098 

357.10 

10.00 

1.1105 

-0.1373 

0.9472 

.0.3869 

0.6792 

0.9083 

-0.0458 

0.9095 

357.11 
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MODULUS 


0.0674 

0.0680 

0.0686 

0.0691 

0.0667 

0.0703 

0.0708 

0.0713 

0.0719 

0.0724 

0.0729 

0.0734 

0.0739 

0.0744 

0.0749 


0.0763 

0.0767 

0.0772 

0,0776 

0.0781 

0.0785 

0.0790 

0.0794 


0.0818 

0.0822 

0,0826 

0.0830 

0.0833 

0.0837 

0.0841 

0.0844 

0.0848 

0.0851 

0.0855 

0.0858 

0.0862 

0,0865 

0,0868 

0.0872 

0,0875 

0,0878 

0.0881 

0.0884 

0.0888 

0.0801 

0.0894 

0.0897 

0.0900 

0.0903 

0.0005 

0.0908 

0.0911 

0.0614 


0,0603 

0.0600 

0.0597 

0.0594 

0,0591 

0.0588 

0.0585 

0.0582 

0.0579 

0.0577 

0.0574 

0.0571 

0.0568 

0.0566 

0.0563 

0.0560 

0.0558 

0.0555 

0.0552 

0.0550 

0.0547 

0.0544 

0.0S42 

0.0539 

0.0537 

0.0534 

0.0532 

0.0529 

0.0527 

0.0525 

0.0522 

0.0520 

0.0517 

0.0515 

0.0513 

0.0510 

0.0508 

0.0506 

0.0504 

0.0501 

0.0499 

0.0497 

0.0495 

0.0493 

0.0491 

0.0488 

0.0486 

0.0484 

0.0482 

0.0480 

0.0478 

0.0476 

0.0474 

0.0472 

0.0470 

0.0468 

0.0466 

0.0464 

0.0462 

0.0460 

0.0458 


0.0916 

0.0918 

0.0621 

0.0923 

0.0925 

0.0928 

0.0930 

0.0932 

0.0935 

0.0937 

0.0939 

0.0941 

0.0943 

0.0946 

0.0948 

0.0950 

0.0952 

0.0054 

0.0956 

0.0658 

0.0960 

0.0962 

0.0965 

0.0967 

0.0969 

0.0971 

0.0973 

0.0975 

0.0977 

0.0978 

0.0980 

0.0982 

0.0984 

0.0986 

0.0988 

0.0990 

0.0992 

0.0994 

0.0996 

0.0997 

0.0999 

0.1001 

0.1003 

0.1005 


REAL 

41.80 

0.8219 

41.41 

0.8232 

41.03 

0.8246 

40.66 

0.8259 

40.29 

0.8272 

39.93 

0.8284 

39.57 

0.8297 

39.23 

0.8309 

38.88 

0.8321 

38.54 

0.8333 

38.21 

0.8345 

37.89 

0.8356 

37.56 

0.8368 

37.25 

0.8379 

36.94 

0.8390 

36.63 

0.8401 

36.33 

0.8412 

36.03 

0.8423 

35.74 

0.8433 

35.45 

0.8443 

36.17 

0.8454 

34.89 

0.8464 

34.61 

0.8474 

34.34 

0,8483 

34.07 

0.8493 

33.81 

0.8503 

33.55 

0.8512 

33.30 

0.8521 

33.04 

0.8531 

32.80 

0.8540 

32.55 

0.8549 

32.31 

0.8558 

32.07 

0.8566 

31.84 

0.8575 

31.61 

0.8583 

31.38 

0.8592 

31.15 

0.8600 

30.93 

0.8608 

30.71 

0.8617 

30.50 

0.8625 

30.28 

0.8633 

30.07 

0.8640 

29.87 

0.8648 

29.66 

0.8656 

29.46 

0.8663 

29.26 

0,8671 

29.06 

0.8678 

28.87 

0.8686 

28.68 

0.8693 

28.49 

0.8700 

28.30 

0.8707 

28.12 

0.8714 

27.94 

0.8721 

27.76 

0.8728 

27.58 

0.8735 

27.40 

0.8741 

27.23 

0.8748 

27.06 

I  0.8754 

26.89 

0.8761 

26.72 

0.8767 

26.56 

0.8774 

1 _ 

MAG.  \  MODULUS 


0.8416 

0.8426 

0.8437 

0.8447 

0.8457 


0.8467 

0.8476 

0.8486 

0.8405 

0.8505 


0.1688  0.8514 
0.1677  0.8523 
0.1665  0.8532 
0.1654  0.8541 
0.1643  0.8550 


0.1633 
0.1622 
0.1611 
0. 1601 
0.1590 

0.1580 

0.1570 

0.1560 

0.1551 

0.1541 

0.1531 
0.1522 
0.1512 
0.1503 
0. 1494 

0.1485 

0.1476 

0.1467 

0.1459 

0.1450 

0.1442 

0.1433 

0.1425 

0.1417 

0.1409 

0. 1401 
0.1393 
0. 1385 
0.1377 
0.1369 

0.1362 
0.1354 
0. 1347 
0. 1339 
0.1332 

0.1325 

0.1318 

0.1311 

0.1304 

0.1297 

0.1290 

0.1283 

0.1277 

0.1270 

0.1264 

0.1257 


0.8558 

0.6567 

0.8575 

0.8584 

0.8592 

0.8600 

0.8608 

0.8616 

0.8624 

0.8632 

0.8640 

0.8647 

0.8655 

0.8662 

0.8669 

0.8677 

0.8684 

0.8691 

0.8698 

0.8705 

0.8712 

0.8719 

0.8726 

0.6732 

0.8739 

0.8745 

0.8752 

0.8758 

0.8765 

0.8771 

0.8777 

0.8783 

0.8789 

0.8795 

0.8801 


0.8825 

0.8830 

0,8836 

0.8842 

0.8847 

0.8853 

0.8858 


O'  >  0.50 


1.0030. 

.1.0036 

1.0043 

1.0052 

1.0062 

1.0073 

1.0085 

1.0099 

1.0115 

1.0132 

1.0152 

1.0173 

1.0197 

1.0223 

1.0251 

1.02B2 
1.0316 
1.0352 
1.0391 
1.0433  I 

1.0477 
1.0524 
1 .0573 
1.0623 
1.0676 

1 .0730 
1.0785 
1.0840 
1.0895 
1.0950 

1.1003 
1 .1055 
1.1106 
1.1154 
1.1201 

1.1245 

1.1286 

1.1325 

1.1362 

1.1396 

1.1428 

1.1457 

1.1484 

1.1509 

1.1532 

1.1553 

1.1572 

1.1590 

1.1605 

1.1619 

1 .1632 
1.1643 
1.1653 
1.1661 
1.1669 

1.1675 

1.1680 

1.1685 

1.1688 

1.1691 


-5.9741 

-5.4137 

-4.9275 

-4.5028 

-4.1297 

-3.8000 

-3.5072 

-3.2458 

-3.0116 

-2.8008 

-2.6103 

-2.4375 

-2.2804 

-2.1370 

-2.0058 

-1.8854 

-1.7747 

-1,6727 

-1.5785 

-1.4914 

-1.4107 
-1.3358 
-1 .2663 
-1 .2018 
-1.1418 

-1.0860 

-1.0341 

-0.9858 

-0.9409 

-0.8990 

-0.8600 

-0.8236 


1 

.'7581 

.7285 

-0.6508 

-0.6281 

-0.6067 

-0.5866 

-0.5677 

-0.5499 

-0.5331 

-0.5172 

-0.5022 

-0.4879 

-0.4744 

-0.4616 

-0.4495 

-0.4379 

-0.4269 

-0.4164 

-0.4065 

-0.3969 

-0.3878 

-0.3791 

-0.3708 

-0.3628 

-0.3551 


0.5322 

0.5543 

0.5758 

0.5968 

0.6168 

0.6364 

0.6553 

0.6735 

0.6918 

0.7078 

0.7240 

0.7394 

0.7540 

0.7680 

0.7811 

0.7936 

0.8053 

0.8162 

0.8263 

0.8358 

0.8444 

0.8624 

0.8596 

0.8661 

0.8719 

0.8771 

0.8817 

0.8857 

0.8893 

0.8923 

0.8950 

0.8973 

0.8992 

0.9009 

0.9024 

0.9036 

0.9047 

0.9056 

0.9064 

0.9071 

0.9077 

0.9083 

0.0088 

0.9092 

0.9096 


0.9117 

0.9120 

0.9124 

0.9127 

0.9130 

0.9133 

0.9138 

0.9139 

0.9143 

0.9146 


4.2980 

4.1861 

4.0732 

3.0594 

3.8450 

3.7803 

3.0154 

3.5006 

3.3863 

3.2726 

3.1601 

3.0489 

2.9394 

2.8820 

2.7270 

2.6248 

2.5256 

2.4298 

2.3375 

2.2489 

2.1641 

2.0833 

2.0062 

1.9331 

1.8637 


1.3065 

1.2705 

1.2363 

1.2038 

1.1730 

1.1438 

1.1157 

1.0890 

1.0836 

1.0394 

1.0162 

0.9941 

0.9720 

0.9526 

0.9332 


0.0040 

0.0054 

0.0059 

0.0065 

0.0072 

0.0079 

0.0088 

0.0098 

0.0109 

0.0122 

0.0136 

0.0152 

0.0170 

0.0191 

0.0214 

0.0240 

0.0269 

0.0302 

0.0338 

0.0879 

0.0424 

0.0474 

0.0529 

0.0589 

0.0854 

0.0725 

0.0600 

0.0881 

0.0966 

0.1055 

0.1148 

0.1245 

0.1345 

0.1447 

0.1551 

0.1656 

0.1768 

0.1870 

0,1977 

0.2084 

0.2190 

0.2296 

0.2401 

0.2505 

0.2607 

0.2708 

0.2807 

0.2905 

0.3000 

0.8094 

0.3187 

0.3277 

0.3365 

0.3452 

0.3537 

0.3620 

0.3701 

0.3780 

0.3857 

0.3933 


1.0050 

1.0060 

1.0071 

1.0084 

1.0098 

1.0113 
1.0180 
1.0148 
1 .0166 
1,0186 

1.0206 
1 .0226 
1.0246 
1.0265 
1.0283 

1.0299 

1.0313 

1.0324 

1.0331 

1.0333 

1.0831 

1.0322 

1.0308 

1.0287 

1.0259 

1.0225 

1.0185 

1.0140 

1.0089 

1.0034 

0.9976 

0.9915 

0.9852 

0.9788 

0.9724 

0.9860 

0.9597 

0.9535 

0.9475 

0.9416 

0.9360 

0.9805 

0.9253 

0.9203 

0.9155 

0.9109 

0.9065 

0.9023 

0.8963 

0.8945 

0.8909 

0.8874 

0.8841 

0.8810 

0.8780 

0.8751 

0.8723 

0.8697 

0.8671 

0.8647 


0.0050 

0.0063 

0.0078 

0.0096 

0.0117 


-0.1403 

-0.1402 

-0.1399 

-0.1393 

-0.1386 

-0.1378 

-0.1368 

-0.1358 

-0.1347 

-0.1335 

-0.1323 

-0.1310 

-0.1297 

-0.1284 

-0.1271 

-0.1257 

-0.1244 

-0.1231 

-0.1218 

-0.1205 


1.0050 

1.0060 

1.0071 

1.0084 

1.0098 

1.0113 

1.0130 

1.0148 

1.0167 

1.0186 

1.0207 
1.0227 
1.0248 
1.0268 
1 .0287 

1.0304 

1.0320 

1.0333 

1.0342 

1.0347 

1.0348 

1.0344 

1.0334 

1.0318 

1.0296 

1.0268 

1.0234 

1.0195 

1.0150 

1.0101 

1.0049 

0.9993 

0.9936 

0.9876 

0.9816 

0.9756 

0.9695 

0.9636 

0.9577 

0.9520 

0.9464 

0.9410 

0.9358 

0.9308 

0.9259 

0.9213 

0.9168 

0.9125 

0.9084 

0.9044 

0.9007 

0.8970 

0.8936 

0.8903 

0.8871 

0.8841 

0.8811 

0.8783 

0.8756 

0.8731 


359.92 
859.90 
359.86 

359.82 

359.77 

359.72 

359.64 

359.56 

859.46 

859.34 

359.21 
359.05 

358.88 
358.66 

358.46 

358.21 

357.94 

357.65 

357.34 
357.01 

356.66 
356.30 

355.92 
355.54 
355.16 

354.78 

354.41 
354.05 

853.70 

353.38 

853.08 

352.81 

352.56 

352.34 
352.14 

351,97 

351.83 

351.71 
351.61 
351.53 

351.48 

351.43 

351.41 

351.39 

351.39 

351.40 

351 .42 

351.44 

351.47 
351.51 

351.56 
351.60 
351.65 

351.71 
351.77 

351.82 

351.88 

351.95 
352.01 
352.07 
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A-.76 


-0.0050 

-0.0060 

-0.0071 

-0.0084 

-0.0098 

-0.0113 

-0.0130 

-0.0148 

-0.0166 

-0.0186 

-0.0206 

-0.0226 

-0.0246 

-0.0265 

-0.0283 

-0.0209 

-0.0313 

-0.0324 

-0.0331 

-0.0333 

-0.0331 

-0.0322 

-0.0308 

-0.0287 

-0.0259 

-0.0225 

-0.0185 

-0.0140 

-0.0089 

-0.0034 

0.0024 

0.0085 

0.0148 

0.0212 

0.0276 

0.0340 

0.0403 

0.0465 

0.0525 

0.0584 

0.0640 

0.0695 

0.0747 

0.0797 

0.0845 

0.0891 
0.0935 
0.0977 
0. 1017 
0.1055 

0.1091 
0.1126 
0.1159 
0.1190 
0. 1220 

0. 1249 
0. 1277 
0.1303 
0.1329 
0.1353 


0.0014 

0.0018 

0.0024 

0.0031 

0.0040 

0.0050 

0.0063 

0.0078 

0.0096 

0.0117 

0.0141 

0.0160 

0.0201 

0.0237 

0.0277 

0.0321 

0.0370 

0.0423 

0.0480 

0.0540 

0.0603 

0.0668 

0.0735 

0.0802 

0.0869 

0.0934 

0.0998 

0.1057 

0.1113 

0.1164 

0.1210 

0.1261 

0.1287 

0.1317 

0.1342 

0.1362 

0.1378 

0.1389 

0.1397 

0.1401 

0.1403 

0.1402 

0.1399 

0.1393 

0.1386 

0. 1378 
0. 1368 
0. 1358 
0.1347 
0.1335 

0.1323 

0.1310 

0.1297 

0.1284 

0.1271 

0.1257 
0.1244 
0.1231 
0.1218 
0. 1205 


0.0052 

0.0063 

0.0075 

0.0089 

0.0106 

6.0124 

0.0144 

0.0167 

0.0192 

0.0220 

0.0250 

0.0282 

0.0318 

0.0356 

0.0396 


0.1715 

0.1727 

0.1739 

0.1751 

0.1762 

0.1772 

0.1783 

0.1793 

0.1802 

0.1811 


164.71 

163.14 

161.49 

159.76 

157.96 

156.07 

154.11 

152.07 

149.96 

147.76 

145.49 

143.14 

140.71 
138.20 
135.62 

132.97 
130.24 
127.45 

124.60 
121.69 

118.74 

115.74 

112.71 
109.66 

106.61 

103.56 

100.53 

97.53 

94.58 

91.68 

88.85 
86.10 
83.44 

80.86 

78.38 

75.99 

73.70 

71.50 

69.40 

67.39 


0.0155 

0.0188 

0.0227 

0.0270 

0.0320 

0.0376 

0.0438 

0.0508 

0.0585 

0.0671 

0.0765 

0.0868 

0.0980 

0.1101 

0.1232 

0.1373 

.0.1523 

0.1682 

0.1851 

0.2029 

0.2214 

0.2407 

0.2606 

0.2810 

0.3018 

0.3227 

0.3438 

0.3647 

0.3854 

0.4057 

0.4256 

0.4448 

0.4033 

0.4811 

0.4981 

0.5143 

0.5297 

0.5443 

0.5581 

0.5711 

0.5834 

0.5950 

0.6060 

0.6163 

0.6260 


0.1235 

0.1357 

0.1485 

0.1617 

0.1754 

0.1894 

0.2038 

0.2185 

0.2334 

0.2485 

0.2637 

0.2790 

0.2642 

0.3093 

0.3242 

0.3387 

0.3529 

0.3665 

0.3794 

0.3916 

0.4029 

0.4133 

0.4225 

0.4305 

0.4374 

0.4429 

0.4472 

0.4501 

0.4518 

0.4523 

0.4518 

0.4501 

0.4476 

0.4443 

0.4402 

0.4356 

0.4305 

0.4250 

0.4192 

0.4131 

0.4069 

0.4006 

0.3942 

0.3878 

0.3815 

0.3751 

0.3689 

0.3627 

0.3566 

0.3507 

0.3449 

0.3392 

0.3387 

0.3283 

0.3230 

0.3179 

0.3129 

0.3081 

0.3034 

0.2989 


0.1244 

0.1371 

0.1502 

0.1640 

0.1783 

0.1931 

0.2085 

0.2243 

0.2406 

0.2574 

0.2746 

0.2922 

0.3101 

0.3283 

0.3468 

0.3655 

0.3843 

0.4033 

0.4222 

0.4411 

0.4596 

0.4782 

0.4964 

0.5141 

0.5314 

0.5480 

0.5640 

0.5793 

0.6939 

0.6077 

0.6206 

0.6328 

0.6442 

0.6549 

0.6648 

0.6740 

0.8826 

0.6906 

0.6980 

0.7049 

0.7113 

0.7173 

0.7229 

0.7281 

0.7330 

0.7376 

0.7420 

0.7460 

0.7499 

0.7535 

0.7570 

0.7603 

0.7634 

0.7664 

0.7692 

0.7720 

0.7746 

0.7772 

0.7796 

0.7820 


30.57 

29.81 

29.09 

28.40 

27.74 

27.10 

26.50 

25.92 

25.36 

24.83 


B 

/ 

5? 

.2iry 
t  X 

- 

V 

REAL 

WAG. 

A 

REAL 

WAG. 

MODULUS 

PhASS 

iKWUS) 

4.00 

1.1693 

-0.3478 

0.9149 

0.9146 

0.4007 

0.8624 

-0.1192 

0.8706 

352.13 

4.05 

1.1694 

-0.3407 

0.9153 

0.8967 

0.4079 

0.8601 

-0.1179 

0.8682 

352.19 

4.10 

1.1695 

-0.3340 

0.9156 

0.8795 

0.4150 

0.8580 

-0.1167 

0.8659 

352.26 

4.15 

1.1695 

-0.3275 

0.9159 

0.8631 

0.4219 

0.8559 

-0.1154 

0.8636 

352.32 

4.20 

1.1694 

-0.3212 

0.0163 

0.8472 

0.4286 

0.8539 

-0.1142 

0.8615 

352.38 

4.25 

1.1693 

-0.3152 

0.8310 

0.4352 

0.8520 

-0.1130 

0.8594 

352.44 

4.30 

1.1691 

-0.3094 

0.8172 

0.4417 

0.8501 

-0.1119 

0.8574 

352.50 

4.35 

1.1689 

-0.3037 

iKT  1 

0.8030 

0.4480 

0.8483 

-0.1107 

0.8555 

352.56 

4.40 

1.1886 

-0.2983 

0.9177 

0.7804 

0.4541 

0.8466 

-0.1096 

0.8536 

352.62 

4,45 

1.1683 

-0.2931 

0.0181 

0.7762 

0.4602 

0.8449 

-0.1085 

0.8518 

352.68 

4.50 

1.1680 

-0.2881 

0.7634 

0.4661 

0.8432 

-0.1074 

0.8501 

352.74 

4.55 

1.1676 

-0.2832 

■til*  :f;fl 

0.7511 

0.4716 

0.8417 

-0.1063 

0.8484 

352.80 

4.60 

1.1672 

-0.2785 

0.7392 

0.4775 

0.8401 

-0.1053 

0.8467 

352.86 

4.65 

1.1668 

-0.2739 

■iH' 

0.7277 

0.4830 

0.8386 

-0.1043 

0.8451 

352.91 

4.70 

1.1663 

-0.2695 

0.0199 

0.7166 

0.4884 

0.8372 

-0.1033 

0.8435 

352.97 

4.75 

1.1658 

-0.2652 

0.9203 

0.7057 

0.4937 

0.8358 

-0.1023 

0.8420 

353.02 

ESa 

1.1653 

-0.2611 

0.9207 

0.6953 

0.4989 

0.8344 

-0.1014 

0.8405 

353.07 

4.85 

1.1648 

-0.2571 

0.9210 

0.6851 

0.5040 

0.8330 

-0.1004 

0.8391 

353.13 

4.90 

1.1642 

-0.2532 

0.9214 

0.6753 

0.5090 

0.8317 

-0.0995 

0.8377 

353.18 

4.95 

1.1637 

-0.2494 

0.9218 

0.6657 

0.5139 

0.8305 

-0.0986 

0.8363 

353.23 

5.00 

1.1631 

-0.2457 

0.9222 

0.6564 

0.5187 

0.8292 

-0.0977 

0.8350 

353.28 

5.05 

1.1825 

-0.2421 

0.9225 

0.6473 

0.5234 

0.8280 

-0.0968 

0.8337 

353.33 

5.10 

1.1619 

-0.2388 

0.9229 

0.6385 

0.5281 

0.8266 

-0.0960 

0.8324 

353.38 

5.15 

1.1613 

-0.2352 

0.0233 

0.6300 

0.5328 

0.6257 

-0.0951 

0.8311 

353.43 

5.20 

1.1607 

-0.2319 

0.0237 

0.6216 

0.5371 

0.8245 

-0.0943 

0.8299 

353.48 

5.25 

1.1600 

-0.2287 

0.0240 

0.6135 

0.5414 

0.8234 

-0.0035 

0.8287 

353.52 

5.30 

1.1594 

-0.2256 

0.0244 

0.6056 

0.5457 

0.8224 

-0.0927 

0.8276 

353.57 

5.35 

1.1588 

-0.2226 

0.9248 

0.5970 

0.5499 

0.8213 

-0.0919 

0.8264 

353.61 

5.40 

1.1581 

-0.2196 

0.9251 

0.5904 

0.5541 

0.8203 

-0.0911 

0.8253 

353.66 

5.45 

1.1575 

-0.2167 

0.9255 

0.5831 

0.5582 

0.8192 

-0.0904 

0.8242 

353.70 

5.50 

-0.2139 

0.9258 

0.5759 

0.5622 

0.8182 

-0.0896 

0.8231 

353.75 

5.55 

■V  riTi 

-0.2111 

0.9262 

0.5690 

0.5661 

0.8173 

-0.0889 

0.8221 

353.79 

5.60 

Bi 

-0.2084 

0.9266 

0.5622 

0.5700 

0.8163 

-0.0882 

0.8211 

353.83 

5.65 

■  V 

-0.2058 

0.9269 

0.5555 

0.5738 

0.8154 

-0.0875 

0.8201 

353.88 

5.70 

-0.2032 

0.9273 

0.5490 

0.5775 

0.8145 

-0.0868 

0.8191 

353.92 

5.75 

1.1535 

-0.2007 

0.9276 

0.5426 

0.5812 

0.8136 

-0.0861 

0.8181 

353.96 

5.80 

1.1529 

-0.1983 

0.9279 

0.5364 

0.5848 

0.8127 

-0.0654 

0.8172 

354.00 

5.85 

1.1522 

-0.1959 

0.9283 

0.5303 

0.5884 

0.8118 

-0.0648 

0.8162 

354.04 

5.90 

1.1516 

-0.1936 

0.9286 

0.5244 

0.5919 

0.8110 

-0.0641 

0.8153 

354.08 

5.95 

1.1509 

-0.1913 

0.5166 

0.5954 

0.8101 

-0.0835 

0.8144 

354.12 

6.00 

1.1503 

-0.1890 

0.5129 

0.5968 

0.8093 

-0.0828 

0.6135 

364.16 

6.05 

1.1496 

-0.1869 

0.5073 

0.6021 

0.8085 

-0.0822 

0.8127 

354.20 

6.10 

1.1490 

-0.1847 

0.9299 

0.5018 

0.6054 

0.8077 

-0.0816 

0.8118 

354.23 

6.15 

1.1483 

-0.1826 

0.9303 

0.4965 

0.6087 

0.8069 

-0.0810 

0.8110 

354.27 

6.20 

1.1477 

-0.1806 

0.9306 

0.4912 

0.6119 

0.8062 

-0.0804 

0.8102 

354.31 

6.25 

1.1471 

-0.1786 

0.9309 

0.4861 

0.6150 

0.8054 

-0.0798 

0.8094 

354.34 

6.30 

1.1464 

0.9312 

0.4811 

0.6181 

0.8047 

-0.0792 

354.38 

6.35 

1.1458 

-0.1747 

0.9315 

0.4761 

0.6212 

0.8040 

-0.0786 

■iRiiyLfl 

354.42 

6.40 

1.1452 

-0.1728 

0.9318 

0.4713 

0.6242 

0.8033 

-0.0780 

0.8070 

354.45 

6.45 

1.1446 

-0.1709 

0.0321 

0.4666 

0.6272 

0.8026 

-0.0775 

0.8063 

354.49 

vm 

1.1439 

-0.1691 

0.9324 

0.4619 

0.6301 

0.6019 

-0.0769 

0.8056 

354.52 

1.1433 

-0.1673 

0.9327 

0.4573 

0.6330 

0.8012 

-0.0764 

0.8048 

354.56 

1.1427 

-0,1656 

0.9330 

0.4529 

0.6358 

0.8005 

-0.0758 

0.8041 

354.59 

1.1421 

-0.1639 

0.9333 

0.4485 

0.6386 

0.7999 

-0.0753 

0.8034 

354.62 

QQS 

1.1415 

-0.1622 

0.9336 

0.4441 

0.6414 

0.7992 

-0.0748 

0.8027 

354.66 

1.1410 

-0.1606 

0.9339 

0.4399 

0.6441 

0.7986 

-0.0742 

0.8020 

354.69 

6.80 

KlOKl 

-0.1589 

0.0342 

0.4357 

0.6468 

-0.0737 

0.8014 

354.72 

6.85 

1.1398 

-0.1574 

0.9345 

0.4317 

0.6494 

0.7974 

-0.0732 

0.8007 

354.75 

6.90 

1.1392 

-0.1558 

0.9347 

0.4277 

0.8520 

0.7968 

0.8001 

354.78 

6.95 

1.1387 

-0.1543 

0.9350 

0.4237 

0.6548 

0.7962 

-0.0722 

0.7994 

354.82 
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A-78 


0.1376 

0.1399 

0.1420 

0.1441 

0.1461 

0.1480 

0.1499 

0.1517 

0.1534 

0.1551 

0. 1568 
0.1583 
0.1599 
0.1614 
0.1628 

0.1642 
0.1656 
0.1670 
0. 1683 
0.1695 

0.1708 
0.1720 
0. 1732 
0. 1743 
0.17S5 

0.1766 

0.1776 

0.1787 

0.1797 

0.1808 

0,1818 

0.1827 

0.1837 

0.1846 

0.1855 

0.1864 
0.1873 
0.1882 
0.1890 
0. 1899 

0.1907 
0,1915 
0, 1923 
0.1931 
0.1938 

0.1946 

0.1953 

0.1960 

0.1967 

0.1974 

0.1981 

0.1988 

0.1995 

0.2001 

0.2008 

0.2014 

0.2020 

0.2026 

0.2032 

0.2038 


0.1821 

0.1829 

0.1838 

0.1846 

0.1854 

0.1862 

0.1870 

0.1878 

0.1886 

0.1893 

0.1900 

0.1907 

0.1914 

0.1921 

0.1928 

0. 1935 
0.1942 
0.1948 
0.1955 
0.1961 

0.1967 

0.1974 

0.1980 

0.1986 

0.1992 

0.1998 

0.2004 

0.2010 

0.2015 

0.2021 

0.2027 

0.2032 

0.2038 

0.2043 

0.2048 

0.2054 

0.2059 

0.2064 

0.2069 

0.2074 

0.2079 

0.2084 

0.2089 

0.2093 

0.2098 

0.2103 

0.2107 

0.2112 

0.2116 

0.2121 

0.2125 

0.2130 

0,2.134 

0.2138 

0.2142 

0.2146 

0.2150 

0.2155 

0.2158 

^.2162 


23.48 

23.23 

22.99 

22.75 

22.52 

22.29 

22.07 

21.85 

21.63 


0.7269 

0.7310 

0.7350 

0.7388 

0.7425 

0.7460 

0.7494 

0.7527 

0.7559 

0.7591 

0.7621 

0.7650 

0.7678 

0,7706 

0.7733 

0.7759 

0.7785 

0.7809 

0.7834 

0.7857 

0.7881 

0.7903 

0.7925 

0.7947 

0.7968 

0.7989 

0.8009 

0.8029 

0.8049 

0.8066 

0.8087 

0.8105 

0.8123 

0.8141 

0.8158 

0.8175 

0.8192 

0.8208 

0.8224 

0.8240 

0.8256 

0.8271 

0.8286 

0.8301 

0.8315 

0.8330 

0.8344 

0.8357 

0.8371 

0.8384 

0.8397 

0.8410 

0.8423 

0.8435 

0.8448 

0.8460 

0.8472 

0.8483 

0.8495 

0.8506 


0.2944 

0.2901 

0.2860 

0.2819 

0.2780 

0.2742 

0.2705 

0.2669 

0.2634 

0.2600 

0.2567 

0.2535 

0.2504 

0.2473 

0.2444 

0.2415 

0.2387 

0.2359 

0.2332 

0.2306 

0.2281 

0.2256 

0.2232 

0.2208 

0.2185 

0.2162 

0.2140 

0.2118 

0.2097 

0.2076 

0.2056 

0.2036 

0.2016 

0.1997 

0.1978 

0.1959 

0,1941 

0.1923 

0.1906 

0.1888 

0. 1872 
0.1855 
0.1839 
0.1823 
0.1807 

0.1791 

0.1776 

0.1761 

0.1746 

0.1732 

0.1718 

0.1703 

0.1690 

0.1676 

0.1663 

0.1649 

0.1636 

0.1624 

0.1611 

0.1599 


0.7843 

0.7865 

0.7887 

0.7908 

0.7928 

0.7948 

0.7968 

0.7987 

0.8005 

0.8024 

0.8041 

0.8059 

0.8076 

0.8093 

0.8110 

0.8126 

0.8142 

0.6158 

0.8174 

0.8189 

0.8204 

0.8219 

0.8234 

0.8248 

0.8262 

0.8276 

0.8290 

0.8304 

0.8317 

0.8331 

0.8344 

0.8357 

0,8369 

0.8382 

0.8394 

0.8407 

0.8419 

0.8430 

0.8442 

0.8454 

0.8465 

.0.8476 

0.8488 

0.8498 

0.8509 

0.8520 

0.8530 

0.8541 

0.8551 

0.8561 

0.8571 

0.8581 

0.8591 

0.8600 

0.8610 

0.8619 

0.8628 

0,8637 

0.8646 

0.8655 


W80C  TR  56^614 


A  79 


1.1381 

1.1375 

1.1370 

1.1364 

1.1350 


-0.1528 

-0.1513 

-0.1499 

-0.1484 

-0.1471 


1.1327 

1.1322 

1.1317 

1.1312 

1.1307 

1.1303 

1.1298 

1.1293 

1.1288 

1.1283 


1392 
1380 
1368 
0.1356 
0.1344 

0.1332 

0.1321 

0.1310 

0.1200 

0.1288 


1.1222 

-0.1153 

1.1218 

-0.1145 

1.1214 

-0.1136 

1.1210 

-0.1128 

1.1206 

-0.1120 

1.1202 

-0.1111 

1.1198 

-0.1103 

1.1194 

-0.1096 

1.1190 

-0.1088 

1.1186 

-0.1080 

1.1183 

-0.1072 

1.1179 

-0.1065 

1.1175 

-0.1058 

1.1171 

-0.1050 

1.1168 

-0.1043 

1.1164 

-0.1036 

1.1161 

-0.1029 

1,1157 

-0.1022 

1.1154 

-0.1015 

1.1150 

-0.1009 

1.1147 

-0.1002 

1.1143 

-0.0995 

1.1140 

-0.0989 

1.1136 

-0.0983 

1.1133 

-0.0976 

1.1130 

-0.0970 

1.1127 

-0.0964 

1.1123 

-0.0958 

0.9353 

0.0355 

0.9358 

0.9361 

0.9363 

0.9366 

0.9368 

0.9371 

0.0373 

0.9376 

0.9378 

0.9381 

0.9383 

0.9385 

0.9388 

0.0390 

0.0392 

0.9304 

0.9307 

0.9390 

0.9401 

0.9403 

0.9405 

0.9407 

0.9410 

0.9412 

0.9414 

0.9416 

0.9418 

0.0420 

0.9422 

0.9424 

0.9426 

0.9427 


0.9437 

0.9439 

0. 
0.9442 
0. 
0.9446 
0.9447 

0.9449 

0.9451 

0.9452 

0.0454 

0.9456 


0.9465 

0.9467 

0.9468 

0.9470 

0.9471 


0.4198 

0.4160 

0.4123 

0.4086 

0.4050 

0.4015 

0.3980 

0.3948 

0.3912 

0.3879 

0.3846 

0.3814 

0.3782 

0.3751 

0.3721 

0.3691 

0.3661 

0.3632 

0.3803 

0.3575 

0.3547 

0.3519 

0.3492 

0.3466 

0.3440 

0.3414 

0.3388 

0.3363 

0.3338 

0.3314 

0.3290 

0.3266 

0.3243 

0.3220 

0.3197 

0.3175 

0.3153 

0.3131 

0.3109 

0.3088 

0.3067 

0.3047 

0.3026 

0.3006 

0.2986 

0.2967 

0.2947 

0.2928 

0.2909 

0.2891 

0.2872 

0.2854 

0.2836 

0.2818 

0.2801 

0.2784 

0.2767 

0.2750 

0.2733 

0.2718 

0.2700 


0.6571 

0.6597 

0.6621 

0.6646 

0.6670 

0.6693 

0.6717 

0.6740 

0.6763 

0.6785 

0.6807 

0.6829 

0.6851 

0.6872 

0.6893 

0.6914 

0.6934 

0.6955 


0.7843 

0.7639 


0.7126 

0.7144 

0.7162 

0.7179 

0.7196 

0.7213 

0.7230 

0.7247 

0.7263 

0.7280 

0.7296 

0.7312 

0.7328 

0.7343 

0.7359 

0.7374 


.7815 
0. 


0.7503 

0.7517 

0.7531 

0.7544 

0.7557 


0.7763 

0.7760 

0.7757 

0.7754 

0.7751 


0.7748 


-0.0717 

-0.0713 

-0.0708 

-0.0703 

-0.0699 

-0.0694 

-0.0689 

-0.0685 

-0.0081 

-0.0676 

-0.0672 

-0.0668 

-0.0664 

-0.0659 

-0.0655 

-0.0651 

-0.0847 

-0.0643 

-0.0639 

-0.0636 

-0.0632 

-0.0628 

-0.0624 

-0.0621 

-0.0617 

-0.0613 

-0.0610 

-0.0606 

-0.0603 

-0.0599 

-0.0596 

-0.0593 

■0.0589 

-0.0586 

-0.0583 

-0.0579 

-0.0576 

-0.0573 

-0.0570 

-0.0567 

-0.0564 

-0.0561 

-0.0558 

-0.0555 

-0.0552 

-0.0549 

-0.0546 

-0.0543 

-0.0541 

-0.0538 

-0.0535 

-0.0532 

-0.0530 

-0.0527 

-0.0524 

-0.0522 
-0.0519 
-0.0516 
.0514 


EVxlia 
E' ijEU 
C  >  I  IK  Tl 


0.7958 

0.7953 

0.7947 

0.7942 

0.7936 


0.7838 

0.7834 

0.7830 

0.7826 

0.7822 


354.85 

354.88 

354.91 

354.94 

354.97 

355.00 

355.03 

355.06 

355.08 

355.11 

355.14 

355.17 

355.19 

355.22 

355.25 

355.27 

355.30 
355.33 
355.35 
355.38 

355.40 

355.43 

355.45 

355.48 

355.50 

355.52 

355.55 

355.57 

355.59 

355.62 

355.64 

355.66 

355.66 

355.71 

355.73 

355.75 

355.77 

355.79 

355.31 
355.83 

355,85 

355.88 

355.90 

355.92 

355.93 

355.95 

355.97 

355.99 

356.01 

356.03 

356.05 

356.07 

356.09 

356.11 

356.12 

356.14 

356.16 

356.18 

356.19 
356.21 

356.23 


ers  0.50 


1-*-7Fio 


REAL 

IMAG.  1 

MODULUS 

0.2044 

0.0717 

0.2166 

0,2050 

0.0713 

0.2170 

0.2055 

0.0708 

0.2174 

0.2061 

0.0703 

0.2178 

0.2067 

0.0699 

0.2181 

0.2072 

0.0694 

0.2185 

0.2077 

0.0689 

0.2189 

0.2082 

0.0685 

0.2192 

0.2088 

0.0681 

0.2196 

0.2093 

1 

0.0676 

0.2199 

0.2098 

0.0672 

0.2203 

0.2103 

0.0668 

0.2200 

0.2108 

0.0664 

0.2210 

0.2112 

0.0659 

0.2213 

0.2117 

0,0655 

0.2216 

0.2122 

0.0651 

0.2219 

0.2126 

0.0647 

0.2223 

0.2131 

0.0643 

0.2226 

0,2135 

0.0639 

0.2229 

0.2140 

0.0636 

0.2232 

0.2144 

0.0632 

0.2235 

0.2148 

0.0628 

0.2238 

0.2153 

0.0624 

0.2241 

0.2157 

0.0621 

0.2244 

0.2161 

0.0617 

0.2247 

0.2165 

0.2250 

0.2169 

0.0610 

0.2253 

0.2173 

0.0006 

0.2256 

0.2177 

0.0603 

0.2259 

0.2181 

0.0599 

0.2202 

0.2185 

0.0590 

0.2264 

0.2188 

0.0593 

0.2267 

0.2192 

0.0589 

0.2270 

0.2196 

0.0586 

0.2273 

0.2199 

0.0583 

0.2275 

0,2203 

0.0579 

0.2278 

0.2207 

0.0576 

0.2281 

0.2210 

0.0573 

0.2283 

0.2214 

0.0570 

0.2286 

0.2217 

0.0507 

0.2288 

0.2220 

0,0564 

0.2291 

0.2224 

0.0561 

0.2293 

0.2227 

0.0558 

0.2296 

0.2230 

0.0555 

0.2298 

0.2234 

0.0552 

0.2301 

0.2237 

0,0549 

0.2303 

0.2240 

0.0546 

0.2305 

0.2243 

0.0543 

0.2308 

0.2246 

0.0541 

0.2310 

0.2249 

0.0538 

0.2313 

0.2252 

0.0535 

0.2315 

0.2255 

0.0532 

0.2317 

0.2258 

0.0530 

0.2319 

0.2261 

0.0527 

0.2322 

0.2264 

0.0524 

0.2324 

0.2267 

0.0522 

0.2326 

0.2270 

0.0519 

0.2328 

0.2272 

0.0516 

0.2330 

0.2275 

0.0514 

0.2332 

0.2278 

0.0511 

0.2335 

0.2281 

0.0509 

0.2337  ' 

tocents! 


0.8517 

0.8528 

0.8589 

0.8550 

0.8560 

0.8571 

0.'8581 

0.8591 

0.8601 

0.8611 

0.8620 

0.8630 

0.8689 

0.8648 

0.8658 

0.8666 

0.8675 

0.8684 

0.8693 

0.8701 

0.8710 

0.8718 

0.8726 

0.8734 

0.8742 

0.8750 

0.8758 

0.8765 

0.8773 

0.6780 

0.8788 

0.8795 

0.8802 

0.8809 

0.8816 

0.8823 

0.8830 

0.6837 

0.8844 

0.8850 

0.8857 

0.8863 

0.8870 

0.8876 

0.8882 

0.8888 

0.8895 

0.8901 

0.8907 

0.8913 

0.8918 

0.8924 

0.8930 

0.8936 

0.8941 

0.8947 

0.8952 

0.8958 

0.8963 

0.8968 

0.8974 


0.1586 
0. 1574 
0.1562 
0.1551 
0.1539 

0.1528 

0.1517 

0.1506 

0.1495 

0.1484 

0.1473 
0.1463 
0.1453 
D.1443 
0. 1433 

0.1423 
0.1413 
0.1403 
0.1394 
0. 1385 

0.1375 

0.1366 

0.1357 

0.1348 

0.1340 

0.1331 

0.1322 

0.1314 

0.1306 

0.1297 

0.1289 

0.1281 

0.1273 

0.1266 

0.1258 

0.1250 

0.1243 

0.1235 

0.1228 

0.1221 

0.1213 
0.1206 
0.1199 
2 
5 


MODULUS 


0.8664 

0.8672 

0.8681 

0.8689 

0.8698 


0,8714 

0.8722 

0.8730 

0.8738 

0.8745 

0.8753 

0.8760 

0.8768 

0.8775 

0.8782 

0.8790 

0.8797 

0.8804 

0.8811 

0.8818 

0.8824 

0.8831 

0.8838 

0.8844 

0.8851 

0.8857 

0.8863 

0.8870 

0.8876 

0.8882 

0.8888 

0.8894 

0.8900 

0.8906 

0.8911 

0.8917 

0.8923 

0.8929 

0.8934 

0.8940 

0.8945 

0.8950 

0.8956 

0.8961 

0.8966 

0.8971 

0.8977 

0.8982 

0.8987 

0.8992 

0.8997 

0.9001 

0.9006 

0.9011 

0.9016 

0.9021 

0.9025 

0.9030 

0.9034 

0.9039 


WADC  TR  56-614 


A  81 


00 


1.2573 

1.2574 

1.2576 

1.2577 
1.2570 

1.2582 
1.2584 
1.2587 
1 .2500 
1.2503 

1.2507 

1.2601 

1.2605 

1.2610 

1.2615 

1.2620 
1.2626 
1.2632 
1 .2630 
1 .2646 

1.2653 

1.2660 

1.2668 

1.2676 

1.2684 

1.2602 

1.2700 

1.2700 
1.2717 
1.2726 

1.2734 

1.2742 

1.2750 

1.2758 

1.2765 

1 .2772 
1.2770 

1.2785 

1.2701 

1.2706 

1.2800 

1.2804 

1.2807 

1.2810 

1.2811 

1.2812 

1.2812 

1.2812 

1.2810 

1.2808 

1 .2805 
1 .2802 

1 .2707 

1.2702 

1.2786 


-8.0085 
:  -8.0687 
'  -8.2627 
-7,5505 
-6.0424 

-6.3876 

-5.8148 

-5.4845 

-5.0005 

-4.7536 

-4.4417 

-4.1505 

-3.0034 

-3.6702 

-3.4573 

-3.2624 

-3.0836 

-2.8101 

-2.7675 

-2.6274 

-2.4078 

-2.3776 

-2.2660 

-2.1622 

-2.0654 

-1.8752 

•1.8008 

-1.8118 

-li7380 

-1.6687 

-1.6036 

•1.5424 

-1.4840 

-1.4308 

-1.8787 

-1.3316 

-1.2861 

-1.2432 

-1.2026 

-1.1642 

-1,1278 

-l.OOSS 

-1.0607 

-1.0286 

-1.0002 

-0.8722 

-0.0456 

-0.0202 

-0.8861 

-0.8731 

-0.8512 

-0.8303 

-0.8103 

-0.7812 

-0.7730 

-0.7555 
-0.7388 
-0.7227 
.7074 
.6826 


0.4201 

0.4383 

0.4561 

0.4735 

0.4005 

0.6071 

0.5232 

0.5380 

0.5542 

0.5680 

0.5834 

0.5873 

0.6107 

0.6237 

0.6362 

0.6482 

0.6508 

0.6708 

0.6815 

0.6017 


0,8003 

0.8044 

0.8082 

0.6118 

0.8152 

0.8184 

0.8214 

0.8243 

0.8270 

0.8285 

0.8320 

0.8343 

0.8364 

0.8385 

0.8405 

0.8424 

0.8442 

0.8460 

0.8477 

0.8483 

0.8500 

0.8524 

0.8538 

0.8552 

0.8566 


5.5426 

5.4721 

5.3002 

5.3242 

5.2470 

6.1670 

5.0870 

5.0046 

4.8206 

4.8354 

4.7400 

4.6617 

4.5736 

4.4840 

4.3058 

4.3063 


3.0400 

3.8606 

3.7728 

3.6858 

3.5808 

3.5140 

3.4311 

3.3487 

3.2676 

3.1881 

3.1101 

3.0338 

2.0583 

2.8866 

2.8157 

2.7467 

2.6706 

2.6144 

2.5512 

2.4800 

2.4306 

2.3732 

2.3176 

2.2640 

2.2122 

2.1622 

2.1140 
2.0675 
2.0227 
1 .0785 
1.0378 


.7183 

.6862 

.6553 

.6255 

1.5067 


t  X 


0.0030 

0.0042 

0.0045 

0.0048 

0.0053 

0.0057 

0.0062 

0.0067 

0.0073 

0.0078 

0.0087 

0.0005 

0.0103 

0.0113 

0.0123 

0.0135 

0.0147 

0.0161 

0.0176 

0.0103 

0.0211 

0.0230 

0.0251 

0.0273 

0.0208 

0.0324 

0.0351 

0.0381 

0.0413 

0.0446 

0.0481 

0.0518 

0.0558 

0.0500 

0.0641 

0.0686 

0.0732 

0.0780 

0.0820 

0.0880 

0.0032 

0.0085 

0.1030 

0.1005 

0.1151 

0.1208 

0.1265 

0.1323 

0.1381 

0.1440 

0.1408 

0.1558 

0.1617 

0.1676 

0.1735 

0.1704 

0.1852 

0.1810 

0.1868 

0.2026 


1.0050 

1.0061 

1.0073 

1.0086 

1.0101 

1.0116 

1.0137 

1.0158 

1.0180 

1.0204 

1.0231 

1.0259 

1.0288 

1.0320 

1.0353 

1.0387 

1.0423 

1.0450 

1.0497 

1.0534 

1.0573 
1.0611 
1.0640 
1.0686 
1 .0723 

1.0759 

1.0793 

1.0826 

1.0857 

1,0886 

1.0914 

1.0030 

1.0062 

1.0983 

1.1001 

1.1017 

1.1032 

1.1044 

1.1054 

1.1062 

1.1068 

1.1073 

1.1076 

1.1078 

1.1078 


1.1050 

1.1054 

1.1048 

1.1041 

1.1034 

1.1027 

1.1020 

1.1012 

1.1004 

1.0907 


0.0242 

0.0264 

0.0288 

0.0312 

0.0336 

0.0360 

0.0384 

0.0407 

0.0430 

0.0453 

0.0475 

0.0405 

0.0514 

0.0532 

0.0547 

0.0561 

0.0573 

0.0582 

0.0588 

0.0503 

0.0505 

0.0584 

0.0590 

0.0584 

0.0575 

0.0564 

0.0550 

0.0534 

0.0516 

0.0486 

0.0474 

0.0451 

0.0427 

0.0402 

0.0376 

0.0350 

0.0324 

0.0207 

0.0271 

0.0244 

0.0210 

0.0103 

0.0169 

0.0145 

0.0122 

0.0100 

0.0078 

0.0058 

0.0038 


-0.0047 

-0.0061 


.0402 

.0438 

.0475 

1.0513 

1.0551 

1.0560 

1.0628 

1.0665 

1.0702 

1.0738 

1.0773 
1.0807 
1.0830 
1 .0869 
1 .0806 

1 .0924 
1 .0048 
1 .0970 
1 .0990 
1.1008 

1.1023 

1.1036 

.1048 

.1057 

.1065 

1.1071 

1.1075 

1.1077 

1.1070 

1.1070 


1.1041 

1.1034 

1.1027 
1.1020 
1.1013 
1.1005 
1 .0997 


toetHOS) 


1.38 

1.61 

1.64 

1.77 

1.90 


0.01 

359.92 

359.84 

359.76 

358.68 

359.61 

359.54 

359.48 

359.42 

359.36 
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-0.0050 

-0.0061 

-0.0073 

-0.0086 

-0.0101 

•0.0118 

-0.0137 

-0.0158 

-0.0180 

•0.0204 

-0.0231 

-0.0259 

-0.0288 

-0.0320 

-0.0353 

-0.0387 

-0.0423 

-0.0459 

-0.0497 

-0.0534 

-0.057S 

-0.0611 

-0.0649 

-0.0686 

-0.0723 

-0.0759 

-0.0793 

-0.0826 

-0.0857 

-0.0886 

0.0914 
0.0939 
0.0962 
.0983 


0.1 
-0.1054 
-0.1062 

-0.1068 

-0.1073 

-0.1076 

-0.1078 

-0.1078 

-0.1077 

-0.1075 

-0.1073 

-0.1069 

-0.1064 

-0.1059 

-0.1054 

-0.1048 

-0.1041 

-0.1034 

-0.1027 

-0.1020 

-0.1012 

-0.1004 

-0.0997 


-0.0242 

-0.0264 

-0.0288 

-0.0312 

-0.0336 

-0.0360 

-0.0384 

-0.0407 

-0.0430 

-0.0453 

-0.0475 

-0.0495 

-0.0514 

-0.0532 

-0.0547 

-0.0561 

-0.0573 

-0.0582 

-0.0589 

-0.0593 

-0.0595 

-0.0594 

-0.0590 

-0.0584 

-0.0575 

-0.0564 

-0.0550 

-0.0534 

-0.0516 

-0.0496 

-0.0474 

-0.0451 

-0.0427 

-0.0402 

-0.0376 

-0.0350 

-0.0324 

-0.0297 

-0.0271 

-0.0244 

-0.0219 

-0.0193 

-0.0169 

-0.0145 

-0.0122 

-0.0100 

-0.0078 

-0.0058 

-0.0038 

-0.0019 


.0075 
0.0088 
0.0100 
0.0112 
.0123 


0.0247 

0.0271 

0.0297 

0.0323 

0.0351 

0.0379 

0.0407 

0.0437 

0.0467 

0.0497 

0.0528 

0.0558 

0.0589 

0.0620 

0.0651 


0.0826 

0.0852 

0.0877 

0.0901 

0.0924 

0.0945 

0.0965 

0.0983 

0.1000 

0.1015 

0.1029 

0.1041 

0.1052 

0.1062 

0.1069 

0.1076 

0.1081 

0.1085 

0.1088 

0.1090 


258.27 
257.08 

255.84 
254.54 

253.19 

251.79 

250.35 

248.85 
247.31 

245.72 

244.09 

242.43 

240.72 

238.98 

237.21 

235.41 

233.59 
231.74 

229.87 

227.99 

226.10 

224.20 
222.30 

220.40 
218.50 

216.61 

214.73 

212.87 
211.03 

209.22 

207.43 
205.67 
203.94 
202.25 

200.60 

198.98 

197.41 

195.88 
194.40 
192.90 

191.57 

190.22 
188.92 
187.66 
186.45 

185.29 

184.16 
183.08 
182.04 
181.04 

180,08 

179.16 

178.27 

177.42 

176.60 

175.82 

175.06 

174.33 

173.63 

172.05 


0.0124 

0.0150 

0.0180 

0.0214 

0.0253 

0.0296 

0.0344 

0.0308 

0.0456 

0.0521 

0.0591 


0.1031 

0.1137 

0.1249 

0.1365 

0.1487 

0.1614 

0.1745 

0.1880 

0.2018 

0.2159 

0.2303 

0.2448 

0.2595 

0.2742 

0.2890 

0.3037 

0.3183 

0.3328 

0.3472 

0.3613 

0.3752 

0.3888 

0.4020 

0.4150 

0.4276 

0.4398 

0.4517 

0.4631 

0.4743 

0.4850 

0.4953 

0.5053 

0.5149 

0.5241 

0.5330 

0.5416 

0.5499 

0.5578 

0.5654 

0.5728 

0.5798 

0.5867 

0.5932 

0.5996 

0.6057 


0.2084 

0.2202 

0.2320 

0.2437 

0.2553 

0.2666 

0.2777 

0.2885 

0.2990 

0.3090 

0.3186 

0.3277 

0.3362 

0.3442 

0.3516 

0.3583 

0.3644 

0.3699 

0.3747 

0.3789 

0.3824 

0.3853 

0.3876 

0.3894 

0.3905 

0.3911 

0.3913 

0.3909 

0.3902 

0.3890 

0.3875 

0.3857 

0.3836 

0.3812 

0.3786 

0.3758 

0.3720 

0.3698 

0.3666 

0.3634 

0.3800 

0.3566 


0.0992 

0.1092 

0.1196 

0.1305 

0.1417 

0.1534 

0.1654 

0.1777 

0.1904 

0.2034 

0,2166 

0.2301 

0.2438 

0.2577 

0.2717 

0.2859 

0.3001 

0.3144 

0.3287 

0.3429 

0.3571 

0.3712 

0.3852 

0.3990 

0.4126 

0.4259 

0.4390 

0.4518 

0.4643 

0.4765 

0.4884 

0.4998 

0.5109 

0.5217 

0.5320 

0.5420 

0.5516 

0.5608 

0.5696 

0.5781 

0.5862 

0.5939 

0.6014 

0.6085 

0.6153 

0.6218 

0.8280 
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A-*  0.4 

O'  - 

).00 

■■ 

/ 

y 

V 

HUE] 

t  X 

HI 

REAL 

fMAG. 

A 

REAL 

IMAG. 

MODULUS 

1.2738 

-0.6785 

0.8580 

1.5690 

0.2083 

1.0989 

-0.0134 

1.0990 

359.30 

1.2728 

-0.6649 

0.8593 

1.5422 

0.2139 

1.0981 

-0.0143 

1.0982 

359.25 

4.10 

1.2717 

-0.6518 

0.8606 

1.5164 

0.2195 

1.0973 

-0.0153 

1 .0974 

359.20 

4.15 

1.2706 

-0.8392 

0.8618 

1.4914 

0.2251 

1.0965 

-0.0162 

1.0966 

359.16 

1.2694 

-0.6271 

0.8630 

1.4673 

0.2305 

1.0957 

-0.0170 

1.0958 

359.11 

4.25 

1.2682 

-0.6154 

0.8642 

1.4440 

0.2360 

1.0949 

-0.0178 

1.0951 

359.07 

4.30 

1.2670 

-0.6042 

0.8654 

1.4214 

0.2414 

1 .0941 

-0.0185 

1.0943 

359.03 

4.35 

1.2657 

-0.5933 

0.8665 

1.3996 

0.2467 

1 .0934 

-0.0193 

1.0935 

358.99 

4.40 

1.2644 

-0.5828 

0,8677 

1.3785 

0.2520 

1.0926 

-0.0199 

1.0928 

358.95 

4.45 

1.2630 

-0.5727 

0.8688 

1.3580 

0.2572 

1.0918 

-0.0206 

1.0920 

358.92 

4.50 

1.2616 

-0.5629 

0.8699 

1.3382 

0.2623 

1.0911 

-0.0212 

1.0913 

358.89 

4.55 

1.2602 

-0.5535 

0.8709 

1.3190 

0.2674 

1.0903 

-0.0217 

1 .0905 

358.86 

4.60 

1.2588 

-0.5443 

0.8720 

1.3003 

0.2724 

1.0896 

-0.0223 

1.0898 

358.83 

4.65 

1.2573 

-0.5355 

0.8730 

1.2822 

0.2774 

1.0888 

-0.0228 

1.0891 

358.80 

4,70 

1.2559 

-0.5269 

0.8741 

1.2647 

0.2823 

1.0881 

-0.0233 

1.0883 

358.77 

4.75 

1.2544 

-0.5186 

0.8751 

1.2476 

0.2872 

1.0874 

-0.0238 

1.0876 

358.75 

4.80 

1.2529 

-0.5105 

0.8761 

1.2310 

0.2920 

1.0867 

-0.0242 

1.0869 

358.72 

4.85 

1.2513 

-0.5027 

1.2149. 

0.2967 

1.0859 

-0.0246 

1.0862 

358.70 

4.90 

1.2498 

-0.4951 

0.8781 

1.1992 

0.3014 

1.0853 

-0.0250 

1.0855 

358.68 

4.95 

1.2483 

-0.4877 

0.8700 

1.1839 

0.3061 

1 .0846 

-0.0254 

1.0849 

358.66 

5.00 

1.2467 

-0.4806 

0.8800 

1.1691 

0.3107 

1.0839 

-0.0258 

1 .0842 

358.64 

5.05 

1.2452 

-0.4736 

0,8809 

1.1646 

0.3152 

1 .0832 

-0.0261 

1.0835 

358.62 

5.10 

1.2436 

-0.4668 

0.8818 

1.1404 

0.3197 

1.0825 

-0.0265 

1.0829 

358.60 

5.15 

1.2420 

-0.4602 

0.8827 

1.1267 

0.3241 

1.0819 

-0.0268 

1.0822 

358.58 

5.20 

1.2405 

-0.4538 

0.8836 

1.1132 

0.3285 

1.0812 

-0.0271 

1.0816 

358.57 

5.25 

1.2389 

-0.4476 

0.8845 

1.1001 

0.3328 

1.0806 

-0.0273 

1.0810 

358.55 

5,30 

1.2374 

-0.4415 

0.8854 

1.0873 

0.3371 

1.0800 

-0.0276 

1.0803 

358.54 

5.35 

1.2358 

-0.4356 

0.8863 

1.0748 

0.3414 

1.0793 

-0.0279 

1.0797 

358.52 

5.40 

1.2342 

-0.4298 

0.8872 

1.0626 

0.3455 

1.0787 

-0.0281 

1.0791 

358.51 

5.45 

1.2327 

-0.4241 

0.8880 

1.0507 

0.3497 

1.0781 

-0.0283 

1.0785 

358.49 

5.50 

1.2311 

-0.4186 

0.8888 

1.0390 

0.3538 

1.0775 

-0.0286 

1.0779 

358.48 

5.55 

1.2296 

-0.4133 

0.8897 

1.0276 

0.3579 

-0.0288 

1.0773 

358.47 

5.60 

1.2281 

-0.4080 

0.8905 

1.0165 

0.3619 

1.0763 

1.0767 

358.46 

5.65 

1.2266 

-0.4029 

0.8913 

1 .0055 

0.3659 

1.0758 

-0.0291 

1.0761 

368.45 

5.70 

1.2250 

-0.3979 

0.8921 

0.9948 

0.3698 

1.0752 

-0.0293 

1.0756 

358.44 

5.75 

1.2235 

-0.3930 

0.8929 

0.9844 

0.3737 

1.0746 

358.43 

5.80 

1.2221 

-0.3882 

0.8937 

0.9741 

0.3775 

1 .0741 

-0.0296 

1.0745 

358.42 

5.85 

1 .2206 

-0.3836 

0.8944 

0.9640 

0.3813 

1.0735 

1.0739 

358.41 

5.90 

1.2191 

-0.3790 

0.8952 

0.9542 

0.3851 

1.0730 

1.0734 

358.40 

5.95 

1.2176 

-0.3746 

0.8959 

0.9445 

0.3889 

1.0724 

1.0728 

358.40 

6.00 

1.2162 

-0.3702 

0.8967 

0.9351 

0.3926 

1.0719 

-0.0302 

1.0723 

358.39 

6.05 

1.2148 

-0.3659 

0,8974 

0.9258 

0.3962 

1.0713 

-0.0303 

1.0718 

358.38 

6.10 

1.2133 

-0.3617 

0.8981 

0.9167 

0.3909 

1.0708 

-0.0304 

1.0713 

358.37 

6.15 

1.2119 

-0.3576 

0.8988 

0.9077 

0.4034 

1.0703 

-0.0305 

1.0707 

358.37 

6.20 

1.2105 

-0.3536 

0.8995 

0.8990 

0.4070 

1.0698 

-0.0306 

1.0702 

358.36 

6.25 

-0.3497 

0.9002 

0.8904 

0.4105 

1.0693 

1.0697 

358.36 

6.30 

-0.3459 

0.9009 

0.8819 

0.4140 

1.0688 

HiWi  ^fiVl 

1.0692 

358.35 

6,35 

-0.3421 

0.9016 

0.8738 

0.4174 

1.0683 

RipVt  ';Ti?!V 

1.0087 

358.35 

6.40 

-0.3384 

0.9023 

0.8655 

0.4209 

1.0678 

-0.0309 

1.0683 

358.34 

6.45 

mm 

-0.3348 

0.9029 

0.8575 

0.4242 

1.0673 

-0.0310 

1.0678 

358.34 

6.50 

1,2024 

-0.3312 

0.9036 

0.8496 

0.4276 

1 .0669 

-0.0310 

1.0673 

358.34 

6.55 

1.2011 

-0.3278 

0.9042 

0.8419 

0.4309 

1.0664 

-0.0311 

1.0668 

358.33 

6.60 

-0.3244 

0.9048 

0.8343 

0.4342 

1 .0659 

-0.0311 

1 .0664 

6.65 

-0.3210 

0.9055 

0.8268 

0.4374 

1.0655 

1.0659 

358.33 

6.70 

-0.3177 

0.9061 

0.8195 

0.4407 

1.0650 

-0.0312 

1.0655 

358.32 

6.75 

1.1961 

-0.3145 

0.9067 

0.8123 

0.4438 

1.0646 

-0.0312 

1.0650 

358.32 

6.80 

1.1948 

-0.3114 

0.9073 

0.8052 

0.4470 

1.0641 

-0.0313 

1.0646 

358.32 

1.1936 

-0.3083 

0.9079 

0.7982 

1.0637 

B'Mi  <  Tm 

1.0642 

358.32 

6.90 

1.1924 

-0.3052 

0.9085 

0.7914 

0.4532 

1.0633 

1.0637 

358.31 

6.95 

1.1912 

-0,3022 

0.9091 

0.7847 

0.4563 

1.0628 

-0.0313 

1.0633 

358.31 
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REAL 

IMAG. 

MODULUS 

REAL 

IMAG. 

MODULUS 

Phase 

(DEBKES) 

4.00 

-0.0989 

0.0134 

0.0998 

172.30 

0.6116 

0.3257 

0.6929 

28.04 

4.05 

-0.0981 

0.0143 

0.0991 

171.68 

0.6173 

0.3224 

0.6964 

27.58 

4.10 

-0.0973 

0.0153 

0.0985 

171.07 

0.6228 

0.3192 

0.6998 

27.14 

4.15 

-0.0965 

0.0162 

0.0978 

170.49 

0.6281 

0.3160 

0.7031 

26.71 

4.20 

-0.0957 

0.0170 

0.0972 

169.93 

0.6332 

0.3128 

0.7063 

26.29 

4.25 

-0.0949 

0.0178 

0.0966 

169.38 

0.6382 

0.3097 

0.7094 

25.89 

4.30 

-0.0941 

0.0185 

0.0959 

168.85 

0.6431 

0.3066 

0.7124 

25.49 

4.35 

-0.0934 

0.0193 

0.0953 

168.34 

0.6477 

0.3036 

0.7154 

25.12 

4.40 

-0.0826 

0.0199 

0.0947 

167.85 

0.6523 

0.3007 

0.7183 

24.75 

4.45 

-0.0918 

0.0206 

0.0941 

167.37 

0.6567 

0.2978 

0.7211 

24.39 

4.50 

-0.0911 

0.0212 

0.0935 

166.91 

0.6610 

0.2949 

0.7238 

24.05 

4.55 

-0.0903 

0.0217 

0.0929 

166.46 

0.6652 

0.7265 

23.71 

4.60 

-0.0896 

0.0223 

0.0923 

166.02 

0.6693 

0.2894 

0.7292 

23.38 

4.65 

-0.0888 

0.0228 

0.0917 

165.60 

0.6732 

0.2867 

0.7317 

23.07 

4.70 

-0.0881 

0.0233 

0.0911 

165.16 

0.6771 

0.2841 

0.7343 

22.76 

4.75 

-0.0874 

0.0238 

0.0905 

164.78 

0.6808 

0.2815 

0.7367 

22.46 

-0.0867 

0.0242 

0.0900 

184.39 

0.6645 

0.2789 

0.7392 

22.17 

4.85 

-0.0859 

0.0246 

0.0894 

164.01 

0.6881 

0.2764 

0.7415 

21.80 

-0.0853 

0.0250 

0.0889 

163.63 

0.6916 

0.2740 

0.7439 

21.61 

4.85 

-0.0846 

0.0254 

0.0883 

163.27 

0.2716 

0.7462 

21.34 

5.00 

-0.0839 

0.0258 

0.0878 

162.92 

0.6983 

0.2692 

0.7484 

21.08 

5.05 

-0.0832 

0.0261 

0.0872 

162.57 

0.7016 

0.2669 

0.7506 

20.82 

5.10 

-0.0825 

0.0265 

0.0867 

162.23 

0.7048 

0.2646 

0.7528 

5.15 

-0.0819 

0.0268 

0.0862 

161.90 

0.7079 

0.2623 

0.7550 

Bii'  1 

5.20, 

•0.0812 

0.0271 

0.0856 

161.58 

0.2601 

0.7571 

Kii !  ill 

5.25 

-0.0806 

.0.0273 

0.0851 

161.26 

0.7140 

0.2579 

0.7591 

19.86 

5.30 

B'M'IW 

0.0276 

0.0846 

160.95 

0.7169 

0.2558 

19.64 

5.35 

-0.0793 

0.0279 

0.0841 

160.65 

0.7198 

0.2537 

0.7632 

19.41 

5.40 

-0.0787 

0.0281 

0.0836 

180.36 

0.7226 

0.2516 

0.7652 

19.20 

5.45 

-0.0781 

0.0283 

0.0831 

160.07 

0.7254 

0.2406 

0.7671 

18.99 

5.50 

-0.0775 
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-3.3057 

-3.0904 

-2.9115 

-2.7398 

-2.5825 


1.1651 

1.1675 

1.1609 

1.1721 

1.1743 

764 
784 
803 
821 
1.1838 

1.1853 
1.1868 
1.1881 
1.1893 
1 .1904 

1.1913 

1.1922 

1.1929 

1.1936 

1.1941 

1.1945 

1.1949 

1.1951 

1.1953 

1.1953 


-1.5393 

-1.4707 

-1.4065 

-1.3463 

-1.2900 

-1.2371 
-1.1874 
-1.1408 
-1 .0969 
-1.0556 

-1.0168 

-0.9801 

-0.0456 

-0.9131 

-0.8823 

-0.8533 

-0.8259 

-0.7999 

-0.7753 

-0.7521 

-0.7301 

-0.7091 

-0.8893 

-0.8705 

-0.6525 

-0.6355 

-0.6193 

-0.6038 

-0.5891 

-0.5750 

-0.5615 

-0.5487 

-0.5364 

.5246 

.5133 


1 

/ 

JT 

0.4668 

5.4687 

0.4867 

5.3918 

0.5062 

5.3119 

0.5252 

5.2298 

0.5437 

5.1455 

0.5617 

5.0591 

0.5792 

4.9708 

0.5962 

4.8808 

0.6127 

4.7892 

0.6286 

4.6963 

0.6439 

4.6021 

1  0.6588 

4.5068 

1  0.6730 

4.4108 

0.6868 

4.3140 

0.6999 

4.2167 

0.7125 

4.1192 

0.7246 

4.0214 

0.7361 

3.9237 

0.7470 

3.8262 

0.7575 

3.7291 

0.7673 

3.6326 

0.7767 

3.5367 

0.7855 

3.4418 

0,7938 

3.3479 

0.8016 

3.2553 

0.8089 

3.1640 

0.8157 

3.0743 

0.8221 

2.9863 

0.8280 

2.9000 

0.8335 

2.8157 

0.8386 

2.7335  { 

0.8434 

2.6534 

0.8477 

2.5755 

0.8517 

2.5000 

0.8554 

2.4268 

0.8588 

2.3560 

0.8620 

2.2877 

0.8648 

2.2218 

0.8674 

2.1584 

0.8690 

2.0974 

0.8721 

2.0387 

0.8741 

1.0825 

0.8760 

1.9285 

0.8778 

1 .8767 

0.8794 

1.8272 

0,8809 

1.7797 

0.8823 

1.7342 

0.8836 

1.6907 

0.8848 

1 .6491 

0.8860 

1 .6092 

0.6871 

1.5710 

0.8881 

1.5345 

0.8891 

1.4995 

0.8901 

1.4660 

0.8910 

1.4339 

0.8918 

1.4032 

0.8927 

1.3737 

0.8935 

1.3454 

0.8943 

1.3182 

0.8951 

1.2921 

0.0042 

0.0046 

0.0049 

0.0054 

0.0058 

0.0064 

0.0069 

0.0076 

0.0083 

0.0091 


0.0423 

0.0462 

0.0505 

0.0550 

0.0599 


0.1377 

0.1454 

0.1531 

0.1609 

0.1687 

0.176$ 

0.1644 

0.1922 

0.2000 

0.2078 

0.2156 

0.2232 

0.2308 

0.2384 

0.2458 

0.2532 

0.2604 

0.2676 

0.2747 


1.0050 

1.0061 

1.0073 

1.0086 

1.0101 


1.0522 

1.0550 

1.0575 

1.0590 

1.0620 

1.0639 

1.0654 

1.0666 

1.0674 

1.0679 


1.0635 

1.0617 

1.0596 

1.0574 

1.0549 

1.0524 

1.0497 

1.0489 

1.0440 

1.0411 

1.0382 

1.0353 

1.0324 

1.0295 

1.0267 

1.0238 

1.0211 

1.0184 

1.0157 

1.0131 

1 .0106 
1.0082 
1.0058 
1.0034 
1.0012 


0.0800 

0.0804 

0.0806 

0.0808 

0.0810 


(pegtietsi 


.0052 

.0062 

.0074 

.0088 

1.0103 


1.0523 

1.0550 

1.0576 

1.0599 

1.0620 


1.0643 
1.0626 
1.0608 
1.0587 
1 .0564 


1.0406 

.0378 

.0350 

.0322 

.0295 

.0267 

.0240 

.0214 

.0188 

1.0163 

1.0138 
1.0114 
1 .0090 
1.0067 
1.0045 


0.87 

0.73 

0.57 

0.39 

0.20 

0.00 

359.79 

359.57 

359.35 

359.11 

358.88 

358.65 

358.42 
358.19 

357.96 

357.75 

357.54 
357.34 
357.15 

356.97 

356.81 

356.65 

356.50 

356.37 
356.25 

356.13 

356.03 

355.94 

355.85 

355.78 

355.71 

355.65 
355.60 

355.55 

355.51 

355.47 

355.44 

355.42 
355.39 

355.38 
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A-SS 


<r*  0.26 


REAL 


MAG. 


MODULUS 


PHASE 

lotencesi 


REAL 


IMAG. 


MODULUS 


phase 

(oesDees 


1.00 

1.05 

1.10 

1.15 
1.20 

1.25 

1.30 

1.35 

1.40 

1.45 

1.50 

1.55 
1.60 

1.65 

1.70 

1.75 
1.80 

1.85 

1.90 

1.95 

2.00 

2.05 

2.10 

2. 15 
2.20 

2.25 

2.30 

2.35 

2.40 

2.45 

2.50 

2.55 
2.60 

2.65 

2.70 

2.75 
2.80 

2.85 

2.90 

2.95 

3.00 

3.05 

3.10 

3. 15 
3.20 

3.25 

3.30 

3.35 

3.40 

3.45 

3.50 

3.55 
3.60 

3.65 

3.70 

3.75 
3.80 

3.85 
3.00 
3.05 


-0.0050 

-0.0061 

-0.0073 

-0.0086 

-0.0101 

-0.0118 

-0.0136 

-0.0156 

-0.0178 

-0.0202 

-0.0227 

-0.0253 

-0.0281 

-0.0310 

-0.0340 

-0.0370 

-0.0401 

-0.0432 

-0.0463 

-0.0493 

-0.0522 

-0.0550 

-0.0575 

-0.0599 

-0.0620 

■0.0639 

-0.0654 

-0.0666 

-0.0674 

-0.0679 

-0.0660 

-0.0678 

-0.0672 

-0.0663 

-0.0650 

■0.0635 

-0.0617 

-0.0596 

-0.0574 

-0.0549 

-0.0524 

-0.0497 

■0.0469 

■0.0440 

■0.0411 

■0.0382 

-0.0353 

■0.0324 

■0.0295 

■0.0267 

0.0238 

0.0211 

0.0184 

0.0157 

0.0131 

0.0106 

■0.0082 

0.0058 

0.0034 

■0.0012 


■0.0146 

-0.0159 

■0.0172 

■0.0184 

-0.0196 

-0.0208 

-0.0219 

■0.0228 

-0.0237 

-0.0244 

-0.0249 

0.0252 

0.0253 

0.0252 

0.0248 

0.0241 

0.0231 

-0.0218 

-0.0202 

-0.0182 

-0.0160 

-0.0134 

-0.0104 

-0.0072 

-0.0038 

-0.0000 

0.0039 

0.0080 

0.0122 

0.0165 

0.0209 

0.0252 

0.0295 

0.0337 

0.0378 

0.0418 

0.0456 

0.0492 

0.0526 

0.0558 

0.0587 

0.0615 

0.0640 

0.0663 

0.0683 

0.0702 

0.0719 

0.0733 

0.0747 

0.0758 

0.0768 

0.0777 

0.0784 

0.0791 

0.0796 

0.0800 

0.0804 

0.0806 

0.0808 

0.0810 


0.0155 

0.0170 

0.0187 

0.0204 

0.0221 

0.0239 

0.0258 

0.0277 

0.0296 

0.0316 

0.0337 

0.0357 

0.0378 

0.0399 

0.0420 

0.0442 

0.0463 

0.0484 

0.0505 

0.0525 

0.0546 

0.0566 

0.0585 

0.0603 

0.0621 

0.0639 

0.0655 

0.0671 

0.0685 

0.0699 

0.0711 

0.0723 

0.0734 

0.0743 

0.0752 

0.0760 

0.0767 

0.0773 

0.0778 

0.0783 

0.0787 

0.0790 

0.0793 

0.0796 

0.0798 

0.0799 

0.0801 

0.0802 

0.0803 

0.0804 

0.0804 

0.0805 

0.0805 

0.0806 

0.0807 

0.0807 

0.0808 

0,0808 

0.0809 

0.0810 


250.99 

249.05 

247.03 

244.91 

242.70 

240.41 

238.03 

235.57 
233.03 
230.40 

227.70 
224.01 
222.06 

219.14 

216.15 

213.09 

209.98 

206.80 

203.58 
200.31 

197.00 

193.66 

100.28 

186.88 

183.46 

180.03 

176.60 

173.17 
189.75 
166.34 

162.96 

159.61 
156.29 
153.02 
149.79 

146.62 
143.51 

140.46 

137.47 

134.56 

131.71 
126.94 

126.24 

123.61 

121.05 

118.58 

116.17 
113.83 

111.57 
109.37 

107.25 

105.19 

103.19 

101.25 
99.38 

97.56 

95.80 

94.10 

02.44 

90.84 


0.0135 

0.0164 

0.0197 

0.0234 

0.0276 

0.0324 

0.0377 

0.0436 

0.0501 

0.0572 

0.0650 

0.0735 

0.0826 

0.0925 

0.1030 

0.1143 

0.1262 

0.1388 

0.1520 

0.1659 

0.1803 

0.1953 

0.2108 

0.2266 

0.2429 

0.2594 

0.2762 

0.2931 

0.3101 

0.3270 

0.3440 

0.3607 

0.3773 

0.3935 

0.4095 

0.4250 

0.4402 

0.4549 

0.4691 

0.4828 

0.4960 

0.5087 

0.5209 

0.5325 

0.5436 

0.5543 

0.5645 

0.5742 

0.5834 

0.5923 

0.6007 

0.6087 

0.6164 

0.6238 

0.6306 

0.6375 

0.6439 

0.6500 

0.6559 

0.6616 


0.1078 

0.1185 

0.1295 

0.1410 

0.1528 

0.1649 

0.1773 

0.1900 

0.2028 

0.2157 

0.2288 

0.2418 

0.2549 

0.2678 

0.2806 

0.2932 

0.3055 

0.3175 

0.3290 

0.3400 

0.3505 

0.3605 

0.3697 

0.3783 

0.3861 

0.3931 

0.3993 

0.4048 

0.4093 

0.4131 

0.4161 

0.4182 

0.4196 

0.4203 

0.4202 

0.4195 

0.4182 

0.4164 

0.4141 

0.4113 

0.4081 

0.4046 

0.4009 

0.3968 

0.3926 

0.3683 

0.3638 

0.3792 

0.3745 

0.3699 

0.3652 

0.3605 

0.3550 

0.3512 

0.3467 

0.3422 

0.3377 

0.3334 

0.3201 

0.3240 


0.1086 

0.1196 

0.1310 

0.1429 

0.1553 

0.1681 

0.1813 

0.1949 

0.2089 

0.2232 

0.2378 

0.2528 

0.2679 

0.2834 

0.2990 

0.3147 

0.3306 

0.3465 

0.3824 

0.3784 

0.3942 

0.4100 

0.4256 

0.4410 

0.4561 

0.4710 

0.4855 

0.4997 

0.5135 

0.5269 

0.5398 

0.5523 

0.5643 

0.5757 

0.5867 

0.5972 

0.6072 

0.6167 

0.6257 

0.6342 

0.6423 

0.6500 

0.6572 

0.6641 

0.6706 

0.6767 

0.6826 

0.6881 

0.6933 

0.6983 

0,7030 

0.7075 

0.7118 

0.7158 

0.7198 

0.7235 

0.7271 

0.7305 

0.7338 

0.7370 


82.86 

82.13 
81.37 

80.58 
79.75 

78.69 
78.00 
77.08 

76.13 
75.15 

74.14 
73.10 
72.04 
70.95 
69.84 

68.71 

67.56 

66.39 

65.20 

63.99 

62.78 
61.55 
60.31 
59.07 

57.83 

56.58 
55.33 
54.00 
52.86 

51.63 

50.42 

49.22 
48.04 
46.88 
45.74 

44.62 

43.53 

42.47 

41.43 

40.43 

30.45 

38.50 

37.58 

36.69 

35.84 

35.01 

34.21 

33.44 

32.70 

31.99 

31.30 

30.64 
30.00 
29.38 

28.79 

28.23 
27.68 

27.15 

26.64 

26.15 
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BEAL 

/MAG. 

MODULUS 

toesnnsi 

4,00 

1.1953 

-0.5025 

0.8959 

1.2671 

0.2817 

0.9990 

-0.0811 

1.0023 

355.36 

4.05 

1.1953 

-0.4922 

0.8966 

1.2430 

0.2885 

0.9968 

-0.0811 

1.0001 

355,35 

4.10 

1.1951 

-0.4822 

0.8973 

1.2198 

0.2953 

0.9948 

-0.0811 

0.9981 

355.34 

4.15 

1.1949 

-0.4726 

0.8981 

1.1975 

0.3020 

0.9928 

-0.0611 

0.9961 

355.33 

4.20 

1.1946 

-0.4634 

0.8988 

1.1760 

0.3085 

0.9908 

-0.0810 

0.9941 

355.33 

4.25 

1.1943 

-0.4546 

0.8995 

1.1553 

0.3150 

0.9889 

-0.0809 

0.9922 

355.32 

4.30 

1.1939 

-0.4460 

0.9002 

1.1354 

0.3213 

0.9870 

-0.0807 

0.9903 

355.32 

4.35 

1.1934 

-0.4378 

0.9008 

1.1161 

0.3276 

0.9852 

-0.0806 

0,0885 

355.32 

4.40 

1.1929 

-0.4299 

0.9015 

1.0075 

0.3337 

0.9835 

0.9868 

355.33 

4.45 

1.1924 

-0.4222 

0.0022 

1.0796 

0.3397 

0.9818 

-0.0802 

0.9850 

355.33 

4.50 

1.1918 

-0.4148 

0.9026 

1.0622 

0.3457 

0.9801 

0.9834 

355.34 

4.55 

1.1911 

-0.4077 

0.9035 

1.0455 

0.3515 

0.9785 

-0.0797 

0.9817 

355.34 

4.60 

1.1905 

-0.4008 

0,9041 

1.0292 

0.3573 

0.9769 

-0.0795 

0.9801 

355.35 

4.65 

1.1898 

-0.3941 

0.9048 

1.0135 

0.3629 

0.9754 

-0.0792 

0.9786 

355.36 

4.70 

1.1890 

-0,3876 

0.9054 

0.9983 

0.3685 

0.9739 

-0.0789 

0.9771 

355.37 

4.75 

-0.3814 

0.9060 

0.9835 

0.3740 

0.9724 

-0.0787 

0.9756 

355.38 

4.80 

Ifi  ai 

-0.3753 

0.9067 

0.9692 

0.3794 

viiry 

-0.0784 

0.9741 

355.39 

4.85 

111::  J 

-0.3694 

0.0073 

0.9553 

0.3847 

■>W‘T> !  iU 

-0.0781 

0.9727 

355.40 

4.90 

1.1859 

-0.3637 

0.0079 

0.9418 

0.3899 

-0.0778 

0.9713 

355.41 

4.95 

1.1850 

-0.3582 

0.9085 

0.9287 

0.3951 

Ijlliil 

-0.0775 

0.9700 

355.42 

5.00 

1.1842 

-0.3528 

0.0091 

0.9160 

0.4001 

0.9656 

-0.0772 

0.9667 

355.43 

5.05 

1.1833 

-0.3479 

0.9097 

0.9036 

0.4051 

0.9643 

-0.0768 

0.0674 

355.44 

■5.10 

1.1824 

-0.3425 

0.9103 

0.8916 

0.4100 

0.9631 

-0.0765 

0.9661 

355.46 

5.15 

1.1815 

-0.3375 

0.9109 

0.8798 

0.4149 

0.9618 

-0.0762 

0.9649 

355.47 

5.20 

1.1806 

-0.3327 

0.9115 

0.8684 

0.4196 

0.9806 

-0.0759 

0.0636 

355.48 

5.25 

1.1797 

-0.3280 

0.9121 

0.8573 

0.4243 

0.9595 

-0.0755 

0.0624 

355.50 

5.30 

1.1788 

-0.3235 

0.9127 

0.8464 

0.4289 

0.9583 

-0.0752 

0.9613 

355.51 

5.35 

1.1778 

-0.3190 

0.9132 

0.8359 

0.4335 

0.9572 

-0.0749 

0.9601 

355.53 

5.40 

1.1769 

-0.3147 

0.9138 

0.8256 

0.4380 

0.9561 

-0.0746 

0.9590 

355.54 

5.45 

1.1760 

-0.3105 

0.9144 

0.8155 

0.4424 

0.9550 

-0.0742 

0.9579 

355.56 

5.50 

1.1750 

-0.3064 

0.0149 

0.8057 

0.4468 

0.9540 

-0.0739 

0.9566 

355.57 

5.55 

1.1741 

-0.3024 

0.9155 

0.7961 

0.4511 

0.9529 

-0.0735 

0.9558 

355:59 

5.60 

1.1731 

-0.2985 

0.9160 

0.7867 

0.4553 

0.9519 

-0.0732 

0.9547 

355.60 

5.65 

1.1722 

-0.2046 

0.9165 

0.7775 

0.4595 

0.9509 

-0.0729 

0.9537 

355.62 

5.70 

1.1713 

-0.2909 

0,9171 

0.7686 

0.4637 

0.9499 

-0.0725 

0.9527 

355.63 

6.75 

1.1703 

-0.2873 

0.9176 

0.7598 

0.4677 

0.9490 

-0.0722 

0.9517 

355.65 

5.80 

1.1694 

-0.2837 

0.9181 

0.7513 

0.4718 

0.9480 

-0.0719 

0.0507 

355,67 

5.85 

1.1684 

-0.2802 

0.9186 

0.7429 

0.4757 

0.9471 

-0.0715 

0.9498 

355.68 

5.90 

1.1675 

-0.2768 

0.9191 

0.7347 

0.4796 

0.9462 

-0.0712 

0.9488 

355.70 

5.95 

1.1666 

-0.2735 

0.7267 

0.4835 

0.9453 

-0.0708 

0,9479 

355,71 

6.00 

1.1657 

-0.2703 

0.9201 

0.7188 

0.4873 

0.9444 

-0.0705 

0.9470 

355.73 

6.05 

1.1647 

-0.2671 

0.9206 

0.7111 

0.4911 

0.0435 

-0.0702 

0.9461 

355.75 

6.10 

1.1638 

-0.2640 

0.9211 

0.7036 

0.4948 

0.9427 

-0.0698 

0.9452 

355.76 

6,15 

1.1629 

-0.2609 

0.9216 

0.6962 

0.4985 

0.9418 

-0.0695 

355.78 

6.20 

1.1620 

-0.2579 

0.9221 

0.6890 

0.5021 

0.0410 

-0.0692 

LiLkiifl 

355.80 

6.25 

1.1611 

-0.2550 

0.9225 

0.6819 

0.5057 

0.9402 

-0.0688 

0.0427 

355.81 

6.30 

1.1602 

-0.2522 

0.9230 

0.6749 

0.5092 

0.9394 

-0.0685 

0.9419 

355.83 

6.35 

1.1594 

-0.2494 

0.9235 

0.6881 

0.5127 

0.9386 

-0.0882 

0.9411 

355.85 

6.40 

1.1585 

-0.2466 

0.9239 

0.6614 

0.5161 

0.9378 

-0.0678 

0.9403 

355.86 

6.45 

1.1576 

-0.2440 

0.9244 

0.6549 

0.5195 

0.9371 

-0.0675 

0.9395 

355.88 

6.50 

1.1568 

-0.2413 

0.9248 

0.6484 

0.5229 

0.9363 

-0.0672 

0.0387 

355,90 

6.55 

1.1559 

-0,2387 

0.9252 

0.6421 

0.5262 

0.9356 

-0.0668 

0.9380 

355.91 

6.60 

1.1551 

-0.2362 

0.9257 

0.0359 

0.5295 

0.9349 

-0.0665 

0.9372 

355.93 

6  *66 

1.1542 

-0.2337 

0.0261 

0.6298 

0.5327 

0.9342 

-0.0662 

0.9365 

355.95 

6.70 

1.1534 

-0.2313 

0.9265 

0.6238 

0.5359 

0.9335 

-0.0659 

0.9358 

355.96 

6.75 

1.1526 

-0.2289 

0.9269 

0.6180 

0.5390 

0.9328 

-0.0855 

0.0351 

355.98 

6.80 

1.1518 

-0,2266 

0.9274 

0.6122 

0.5421 

0.9321 

-0.0652 

0.9344 

356.00 

6.85 

1.1509 

-0.2243 

0,9278 

0.6066 

0.5452 

0.9314 

-0.0649 

0.9337 

356.01 

6.90 

1.1501 

-0.2221 

0.9282 

0.6010 

0.5483 

0.9308 

-0.0646 

0.9330 

356.03 

6.95 

1.1493 

-0.2198 

0.9286 

0.5955 

0.5513 

0.9301 

-0.0643 

0.9324 

356.05 

WADC  TR  56-614 


A.-90 


a-s  0.25 


l*VFio 


0,0111 

0.0130 

0.0148 

0.0165 

0.0182 

0.0199 

0.0215 

0.0231 

0.0246 

0.0261 

0.0276 

0.0290 

0.0304 

0.0318 

0.0331 

0.0344 

0.0357 

0.0369 

0.0382 

0.0394 

0.0405 

0.0417 

0.0428 

0.0439 

0.0450 

0.0460 

0.0471 

0.0481 

0.0491 

0.0501 

0.0510 

0.0520 

0.0529 

0.0538 

0.0547 

0.0556 

0.0565 

0.0573 

0.0582 

0.0590 

0.0598 

0.0606 

0.0614 

0.0622 

0.0620 

0.0637 

0.0644 

0.0651 

0.0658 

0.0665 

0.0672 

0.0679 

0.0686 

0.0692 

0.0699 


0.0811 

0.0811 

0.0811 

0.0811 

0.0810 

0.0809 

0.0807 

0.0806 

0.0804 

0.0802 

0.0800 

0.0797 

0.0795 

0.0792 

0.0789 

0.0787 


0.0729 

0.0725 

0.0722 

0.0719 

0.0715 

0.0712 

0.0708 

0.0705 

0.0702 

0.0698 

0.0695 

0.0692 

0.0688 

0.0685 

0.0682 

0.0678 

0.0675 

0.0672 
.0668 
0.0685 
0.0662 
0.0659 


0.0811 

0.0812 

0.0813 

0.0814 

0.0815 

0.0816 

0.0618 

0.0819 

0.0621 

0.0622 

0.0824 

0.0826 

0.0828 

0.0830 

0.0832 

0.0834 

0.0836 

0.0838 

0.0840 

0.0843 

0.0845 

0.0847 

0.0850 

0.0852 

0.0855 

0.0857 

0.0860 

0.0863 

0.0865 

0.0868 

0.0871 

0.0873 

0.0676 

0.0879 

0.0881 

0.0884 

0.0887 

0.0890 

0.0892 

0.0895 

0.0898 

0.0901 

0.0904 

0.0906 

0.0909 

0.0912 

0.0915 

0.0917 

0.0920 

0.0923 

0.0925 

0.0928 

0.0931 

0.0934 

0.0936 

0.0939 

0.0941 

0.0944 

0.0047 

0.0949 


76.03 

74.90 

73.80 

72.73 

71.69 


49.01 

48.50 
47.99 

47.50 
47.01 


0.6670 

0.6722 

0.6772 

0.6821 

0.6867 

0.6912 

0.6956 

0.6998 

0.7038 

0.7078 

0.7116 

0.7153 

0.7169 

0.7224 

0.7258 

0.7291 

0.7323 

0.7354 

0.7385 

0.7415 

0.7444 

0.7472 

0.7500 

0.7527 

0.7553 

0.7579 

0.7605 

0.7629 

0.7654 

0.7678 

0.7701 

0.7724 

0.7746 

0.7768 

0.7790 

0.7811 

0.7831 

0.7852 

0.7872 

0.7891 

0.7910 

0.7929 

0.7948 

0.7966 

0.7984 

0.6001 

0.8019 

0.8038 

0.8052 

0.8089 

0.8085 

0.8101 


0.8161 

0.8176 

0.8190 

0.8204 

0.8218 


MAG.  \  MODULUS 


0.3207 

0.3167 

0.3127 

0.3089 

0.3051 

0.3014 

0.2978 

0.2943 

0.2908 

0.2675 


0.2642 

0.2810 

0.2779 

0.2748 

0.2718 

0.2689 

0.2660 

0.2632 

0.2605 

0.2578 

0.2552 

0.2526 

0.2501 

0.2477 

0.2453 

0.2429 

0.2406 

0.2383 

0.2361 

0.2339 

0.2317 

0.2296 

0.2276 

0.2255 

0.2235 

0.2216 

0.2196 

0.2177 

0.2159 

0.2140 

0.2122 

0.2104 

0.2087 

0.2070 

0.2053 

0.2036 

0.2019 

0.2003 

0.1987 

0.1972 

0.1956 

0.1941 

0.1926 

0.1911 

0.1896 

0.1882 

0.1868 

0.1854 

0.1840 

0.1827 


0.7662 

0.7685 

0.7707 

0.7729 

0.7750 

0.7771 

0.7791 

0.7811 

0.7831 

0.7850 


.8042 
.8058 
.8073 
0.8089 
0.8104 

0.8119 

0.8134 

0.8148 

0.8162 

0.8176 

0.8190 

0.8204 

0,6217 

0.8230 

0.8244 

0.8256 

0.8269 

0.8282 

0.8294 

0.8306 

0.8318 

0,8330 

0.8342 

0.8353 

0.8364 

0.8376 

0.8387 

0.8397 

0.8408 

0.8419 


WADC  TR  56-614 


A-91 


25 


1.1452 

1.1455 


1.1411 

1.1404 

1.1397 

1.1390 

1.1383 


1.1350 

1.1343 

1.1337 

1.1330 

1.1324 

1.1318 

1.1311 

1.1305 

1.1299 

1.1293 

1.1287 

1.1281 

1. 

1. 

1, 

1.1258 

1.1253 

1.1247 

1.1242 

1.1236 

1.1231 

1.1225 

1.1220 

1.1215 

1.1209 

1.1204 

.1 
.1 
.1 
1.1184 
1.1179 

1.1174 

1.1169 

1.1164 

1.1160 

1.1155 

1.1150 

1.1145 

1.1141 

1.1136 

1.1132 


-0.2177 

-0.2156 

-0.2135 

-0.2114 

-0.2094 

-0.2074 

-0.2055 

-0.2036 

-0.2017 

-0.1999 

-0.1981 

-0.1963 

-0.1945 

-0.1928 

-0.1911 

-0.1894 

-0.1878 

-0.1862 

-0.1846 

-0.1831 

-0.1815 

-0.1800 

-0.1785 

-0.1771 

-0.1756 

-0.1742 

-0.1728 

-0.1715 

-0.1701 

-0.1688 

-0.1675 

-0.1662 

-0.1649 

-0.1636 

-0.1624 

-0.1612 

-0.1600 

-0.1588 

-0.1576 

•0.1565 

-0.1553 

-0.1542 

-0.1531 

-0.1520 

-0.1509 

-0.1499 

-0.1488 

-0.1478 

-0.1468 

-0.1458 

-0. 

-0. 

-0. 

-0. 

.1410 


400 
391 
382 
0.1373 
0.1364 


1.1127  1-0.1356 


/ 

X 

2^^ 

0.9290 

0.5902 

0.9294 

0.5849 

0.9297 

0.5797 

0.9301 

0.5746 

0.9305 

0.5696 

0.9309 

0.5647 

0.9312 

0.5598 

0.9316 

0.5551 

0.9320 

0.5504 

0.9323 

0.5458 

0.9327 

0.5412 

0.9330 

0.5368 

0.9333 

0.5324 

0.9337 

0.5280 

0.9340 

0.5238 

0.9344 

0.5106 

0.9347 

0.5155 

0.9350 

0.5114 

0.9353 

0.5074 

0.9356 

0.5035 

0.9360 

0.4096 

0.9363 

0.4958 

0.9366 

0.4920 

0.9369 

0.4883 

0.9372 

0.4846 

0.9375 

0.4810 

0.9378 

0.4776 

0.9381 

0.4740 

0.9384 

0.4705 

0.9386 

0.4671 

0.9389 

0.4638 

0.9392 

0.4605 

0.9395 

0.4572 

0.9398 

0.4540 

0.9400 

0.4508 

0.9403 

0.4477 

0.9406 

0.4446 

0.9408 

0.4416 

0.9411 

0.4386 

0.9414 

0.4356 

0.9416 

0.4327 

0.9419 

0.4298 

0.9421 

0.4269 

0.9424 

0.4241 

0.9428 

0.4213 

0.9429 

0.4186 

0.9431 

0.4159 

0.9433 

0.4132 

0.9436 

0.4106 

0.9438 

0.4080 

0.9440 

0.4054 

0.9443 

0.4029 

0.9445 

0.4004 

0.9447 

0.3979 

0.9449 

0.3954 

0.9452 

0.3930 

0.9454 

0.3906 

0.0456 

0.3882 

0.9458 

0.3859 

0.9460 

0.3836 

0.9463 

0.3813 

.2tY 

t  X 


0.5542 

0.5572 

0.5601 

0.5629 

0.5658 

0.5685 

0.5713 

0.5740 

0.5767 

0.5794 

0.5820 

0.5846 

0.5872 

0.5898 

0.5923 

0.5948 

0.5972 

0.5996 

0.6021 

0.6044 

0.6068 

0.6091 

0.6114 

0.6137 

0.6159 

0.6181 

0.6203 

0.6225 

0.6247 

0.8268 

0.6289 

0.6310 

0.6330 

0.6351 

0.6371 

0.8391 

0.6411 

0.6430 

0.6450 

0.6469 

0.6488 

0.6506 

0.6525 

0.6543 

0.6562 

0.6580 

0.6597 

0.6615 

0.6633 

0.6650 

0.6667 

0.6684 

0.6701 

0.6717 

0.6734 

0.6750 

0.6766 

0.6782 

0.6798 

0.6814 


REAL 

MAG. 

MODULUS 

0.9295 

-0.0640 

0.9317 

0.9289 

-0.0637 

0.9311 

0.9283 

-0.0633 

0.9304 

0.9276 

-0.0630 

0.9298 

0.9271 

-0.0627 

0.9292 

0.9265 

-0.0624 

0.9286 

0.9259 

-0.0621 

0.9280 

0.9253 

-0.0618 

0.9274 

0.9247 

-0.0615 

0.9268 

0.9242 

-0.0612 

0.9262 

0.9236 

-0.0609 

0.9256 

0.9231 

-0.0606 

0.9251 

0.9226 

-0.0604 

0.9245 

0.9220 

-0.0601 

0.9240 

0.9215 

-0.0598 

0.9235 

0.9210 

-0.0595 

0.9229 

0.9205 

-0.0592 

0.9224 

0.9200 

-0.0589 

0.9219 

0.9195 

-0.0587 

0.9214 

0.9190 

-0.0584 

0.9209 

0.9186 

-0.0581 

0.9204 

0.9181 

-0.0578 

0.9199 

0.9176 

-0.0576 

0.9194 

0.9172 

-0.0573 

0.9189 

0.9167 

-0.0570 

0.9185 

.9163 
58 
54 
49 
0.9145 


0.9054  -I 

0.9051  - 
0.9048  - 
0.9045  - 
0.9042  - 
0.9039  - 


-0.0568 

-0.0565 

-0.0562 

-0.0580 

-0.0557 

-0.0555 

-0.0552 

-0.0550 

-0.0547 

-0.0545 

-0.0542 

-0.0540 

-0.0538 

-0.0535 

-0.0533 

-0.0530 

-0.0528 

-0.0526 

-0.0523 

-0.0521 

-0.0519 

-0.0517 

-0.0514 

-0.0512 

-0.0510 

-0.0508 

-0.0506 

-0.0504 

-0.0501 

-0.0499 

-0.0497 

-0.0495 

-0.0493 

-0.0491 

-0.0489 


0.9162 

0.9158 

0.9154 

0.9149 

0.9145 

0.9141 


0.9133 

0.9129 

0.9125 

0.9121 

0.9117 

0.0113 

0.9110 

0.9106 

0.9102 

0.9099 

0.9095 

0.9092 

0.9088 

0.9085 


0.9081 


0.6830  I  0.9036  -0.0487 


tDcef>ec$) 

356 

.06 

356 

.08 

356 

.10 

356 

.11 

356 

.13 

356 

.15 

356 

.16 

356 

.18 

356 

.19 

356 

.21 

356 

.23 

356 

.24 

356 

.26 

356 

.27 

356 

.29 

356 

.30 

356 

.32 

1  356 

.33 

356 

.35 

356 

.37 

'  356 

.38 

1  356 

.40 

356 

.41 

356 

.43 

356 

.44 

356 

.45 

356 

.47 

356 

.48 

356 

.50 

356 

.51 

356 

.53 

356 

.64 

356 

.56 

356 

.57 

356 

.58 

356 

.60  i 

356 

.61 

356 

.62 

356 

.64 

356 

.65 

356 

.66 

356 

.68 

356 

.69 

356 

.70 

356 

.72 

356 

.73 

356 

.74 

356 

.76 

356 

.77 

356 

.78 

356 

.79 

356 

.81 

356 

.62 

356 

.83 

356 

.84 

356 

.86 

356 

.87 

356 

.88 

356 

.89 

356 

.90 

356 
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A-92 


<ra  0.26 


I*VFiq 


0.0764 

0.0760 

0.0774 

0.0780 

0.0785 

0.0700 

0.0705 

0.0800 

0.0805 

0.0810 

0.0814 

0.0810 

0.0824 

0.0828 

0.0833 

0.0637 

0.0842 

0.0846 

0.0851 

0.0855 

0.0850 

0.0863 

0.0367 

0.0871 

0.0875 

0.0370 

0.0883 

0.0887 

0.0801 

0.0804 

0.0808 

0.0002 

0.0905 

0.0900 

0.0913 

0.0916 

0.0920 

0.0923 

0.0026 

0.0030 

0.0933 

0.0936 

0.0940 

0.0943 

0.0046 

0.0049 

0.0952 

0.0955 

0.0958 

0.0961 

0.0964 


0.0568 

0.0565 

0.0562 

0.0560 

0.0557 

0.0555 

0.0552 

0.0550 

0.0547 

0.0545 

0.0542 

0.0540 

0.0538 

0.0535 

0.0533 

0.0530 

0.0528 

0.0526 

0.0523 

0.0521 

0.0519 

0.0517 

0.0514 

0.0512 

0.0510 

0.0508 

0.0506 

0.0504 

0.0501 

0.0490 


0. 

0. 
0.1016 
0.1018 
0.1020 


043 
0.1045 
0.1047 


0.1062 

0.1064 

0.1066 

0.1068 

0.1070 


.0467  0.1080 


0.8232 

0.8245 

0.8259 

0.8272 

0.8284 

0.8297 

0.8309 

0.8322 

0.8334 

0.8346 

0.8357 

0.8369 

0.8380 

0.8392 

0.8403 

0.8414 

0.8424 

0.8435 

0.8445 

0.8456 

0.8466 

0.8476 

0.8486 

0.8496 

0.8505 

0.8515 

0.8524 

0.8533 

0.8543 

0.8552 

0.8560 

0.8569 

0.8578 

0.8587 

0.6595 

0.8603 

0.8612 

0.8620 

0.8628 

0.8636 

0.8644 

0.8652 

0.8659 

0.6667 

0.8675 

0.8682 

0.8689 

0.8697 

0.8704 

0.8711 

0.8718 

0.8725 

0.8732 

0.8739 

0.8745 


0.1813 

0.1800 

0.1787 

0.1774 

0,1761 

0.1749 

0.1737 

0.1724 

0.1712 

0.1701 

0.1689 

0.1677 

0.1666 

0.1655 

0.1644 

0.1633 

0.1622 

0.1611 

0.1601 

0.1590 

0.1580 

0.1570 

0.1560 

0.1550 

0.1540 

0.1531 

0.1521 

0.1512 

0.1503 

0.1493 

0.1484 

0.1475 

0.1466 

0.1458 

0.1449 


0. 

0. 
0.1415 
0. 

0.1399 

0.1391 

0.1383 

0.1376 

0.1368 

0.1360 

0.1353 

0.1345 

0.1338 

0.1330 

0.1323 

0.1316 

0.1309 

0.1302 

0.1295 

0.1288 

0.1281 

0.1275 

0.1268 

0.1261 

0.1255 


MODULUS 


0.8429 

0.8439 

0.8450 

0.8460 

0.8470 

0.8479 

0.8489 

0.8499 

0.8508 

0.8517 

0.8526 

0.8535 

0.8544 

0.8553 

0.8562 

0.8571 

0.8579 

0.8587 

0.8596 

0.8604 

.8612 
.8620 
.8628 
.8636 
0.8644 


.8688 
.8695 
.8702 
0.8709 
0.8716 

0.8723 

0.8730 

0.8737 

0.8743 

0.8750 


<r  -  0.50 


/f£AL 

/MAG. 

1.0027 

-5.9741 

1.0033 

-5.4136 

1.0040  1 

-4.9274 

1.0048  ' 

-4.5027 

1.0056 

-4.1296 

1.0067 

-3.7998 

1.0078 

-3.5069 

1,0091 

-3.2455 

1.0105 

-3.0112 

1.0122 

-2.8003 

i.ms 

1.1309 

1.1353 

1.1395 

1.1433 

1.1469 

1.1502 

1.1533 

1.1562 

1.1588 


1.1757 

1.1764 

1.1770 

1.1775 

1.1779 


-2.6097 

-2.4368 

-2.2795 

-2.1360 

-2.0046 

-1 .8839 
-1.7730 
-1.6706 
-1.5761 
-1.4885 

-1.4074 

-1.3321 

-1.2622 

-1.1971 

-1.1366 

-1.0803 

-1.0278 

-0.9790 

-0.9336 

-0.8913 

-0.6519 

-0.8152 

-0.7811 

-0.7492 

-0.7194 

-0.6917 

-0.6657 

-0.6414 

•0.6166 

-0.5973 

-0.5772 

-0.5584 

-0.5406 

-0.5239 

-0.5081 

-0.4932 

-0.4790 

-0.4657 

-0.4530 

-0.4409 

-0.4295 

-0.4186 

-0.4083 

-0.3984 

-0.3890 

-0.3800 

-0.3714 

-0.3631 

-0.3553 

-0.3477 


/ 

JP 

0.5322 

5.3165 

0.5543 

5.2257 

0.5758 

5.1321 

0.5966 

5.0357 

0.6169 

4.9367 

0.6364 

4.8354 

0.6554 

4.7319 

0.6736 

4.6263 

0.6912 

4.5190 

0.7080 

4.4100 

0.7242 

4.2995 

0.7396 

4.1878 

0.7543 

4.0750 

0.7683 

3.9614 

0.7816 

3.8471 

0.7941 

3.7323 

0.8059 

3.6173 

0.8169 

3.5024 

0.8272 

3.3877 

0.8367 

3.2736 

0.8454 

3.1604 

0.8535 

3.0484 

0^8608 

2.9379 

0.8674 

2.8293 

0.8732 

2.7228 

0.8785 

2.6190 

0.8831 

2.5181 

0.8871 

2.4204 

0.8906 

2.3282 

0.8935 

2.2357 

0.8961 

2.1491 

0.8982 

2.0664 

0.9000 

1.9877 

0.9016 

1.9130 

0.9028 

1.8422 

0.9039 

1.7752 

0.9048 

1.7119 

0.9055 

1.6521 

0.9061 

1.5956 

0.9066 

1.5423 

0.9071 

1.4920 

0.9074 

1.4445 

0.9078 

1.3996 

0.9081 

1.3571 

0.9083 

1.3170 

0.9086 

1.2789 

0.9088 

1.2430 

0.9090 

1.2088 

0.9092 

1.1765 

0.9094 

1.1457 

0.9096 

1.11615 

0.9099 

1.0887 

0.9101 

1.0623 

0.9103 

1.0371 

0.9105 

1.0130 

X 


0.0079 

0.0088 

0.0096 

0.0109 

0.0122 

0.0136 

0.0152 

0.0170 

0.0190 

0.0213 

0.0239 

0.0269 

0.0301 

0.0338 

0.0379 

0.0424 

0.0474 

0.0530 

0.0591 

0.0657 

0.0729 

0.0806 

0.0889 

0.0977 

0.1069 

0.1166 

0.1266 

0.1370 

0.1476 

0.1585 

0.1694 

0.1805 

0.1916 

0.2028 

0.2139 

0.2249 

0.2359 

0.2467 

0.2574 

0.2680 

0.2783 

0.2885 

0.2985 

0.3084 

0.3180 

0.3274 

0.3366 

0.3457 

0.3545 

0.3631 

0.3715 

0.3798 

0.3878 

0.3957 

0.4033 


1.0050 

1.0060 

1.0072 

1.0084 

1.0099 

1.0114 

1.0131 

1.0149 

1.0168 

1.0189 

1.0209 

1.0231 

1.0252 

1.0272 

1.0292 

1.0310 

1.0327 

1.0340 

1.0349 

1.0355 

1.0355 

1.0350 

1.0338 

1.0320 

1.0295 

1.0262 
1 .0223 
1.0178 
1,0127 
1.0070 

1.0010 

0.9946 

0.9879 

0.9812 

0.9743 

0.9675 

0.9607 

0.9541 

0.9476 

0.9413 

0.9353 

0.9294 

0.9238 

0.9184 

0.9133 

0.9084 

0.9037 

0.8992 

0.8950 

0.8909 

0.8870 

0.8834 

0.8799 

0.8765 

0.8733 

0.8703 

0.8673 

0.8645 

0.8619 

0.8593 


-0.0013 

-0.0018 

-0.0023 

-0.0030 

-0.0039 

-0.0049 

-0.0061 

-0.0076 

-0.0094 

-0.0114 

-0.0138 

-0.0166 

-0.0197 

-0.0233 

-0.0273 

-0.0317 

-0.0366 

-0.0419 

-0.0477 

-0.0538 


-0.0054 

-0.1023 

-0.1088 

-0.1150 

-0.1206 


-0.1478 

-0.1477 

-0.1474 

-0.1469 

-0.1481 

-0.1452 

-0.1442 

-0.1431 

-0.1419 

-0.1406 

-0.1393 

-0.1379 

-0.1365 

-0.1351 

-0.1337 

-0.1322 

-0.1308 

-0.1294 

-0.1280 

'0.1286 


1.0050 
1.0060 
1.0072 
1.0084 
1 .0099 

1.0114 

1.0131 

1.0149 

1.0169 

1.0189 

1.0210 
1.0232 
1.0254 
1.0275 
1 .0296 

1.0315 

1.0333 

1.0348 

1.0360 

1.0369 

1.0373 

1.0371 

1.0365 

1.0352 

1.0332 

1.0307 

1.0274 

1.0236 

1.0192 

1.0142 

1.0088 

1.0031 

0.9970 

0.9908 

0.9844 

0.9780 

0.9716 

0.9652 

0.9590 

0.9528 

0.9469 

0.9411 

0.9355 

0.9301 

0.9249 

0.9199 

0.9151 

0.9105 

0.9061 

0.9019 

0.8979 

0.8941 

0.8904 

0,8860 

0.8835 

0.8802 

0.8771 

0.8742 

0.8713 

0.8686 


359.92 

359.90 
359.87 

359.83 

359.78 

359.72 

359.65 

359.57 

359.47 

359.36 

359.22 

359.07 

358.90 
358.70 

358.48 

358.24 

357.97 

357.68 

357.36 
357.02 

356.67 

356.29 

355.90 
355.50 
355.09 

354.69 

354.29 

353.90 

353.52 

353.17 

352.84 

352.53 

352.25 
352.00 

351.78 

351.59 

351.43 

351.29 

351.18 
351.09 

351.02 

350.97 
350.03 

350.92 
350.01 

350.92 

350.93 
350.96 
350.99 
351.03 

351.08 

351.13 

351.18 

351.24 

351.30 

351.36 
351 .42 

351.49 
351.55 
351.62 


VADC  TR  56-614 


A -94 


(r^  0.60 


-0.0060 

-0.0060 

-0.0072 

-0.0084 

-0.0099 

-0.0114 

-0.0131 

-0.0149 

-0.0168 

-0.0189 

-0.0209 

-0.0231 

-0.0252 

-0.0272 

-0.0292 

-0.0310 

-0.0327 

-0.0340 

-0.0349 

-0.03SS 

-0.0355 

-0.0350 

-0.0338 

-0.0320 

-0.0295 

-0.0262 

-0.0223 

-0.0178 

-0.0127 

-0.0070 

-0.0010 

0.0054 

0.0121 

0.0188 

0.0257 

0.0325 

0.0393 

0.0459 

0.0524 

0.0587 

0.0647 

0.0706 

0.0762 

0.0816 

0.0867 

0.0916 

0.0963 

0.1008 

0.1050 

0.1091 

0.1130 

0.1166 

0.1201 

0.1235 

0.1267 

0.1297 

0.1327 

0.1355 

0.1381 

0.1407 


0.0013 

0.0018 

0.0023 

0.0030 

0.0039 


0.0138 
0.0166 
0.0197 
.  0.0233 
0.0273 

0.0317 

0.0366 

0.0419 

0.0477 

0.0538 

0.0603 

0.0671 

0.0741 

0.0812 

0.0884 


0. 
0.1308 
0.1294 
0.1280 
0. 


0.0052 

0.0063 

0.0075 

0.0090 

0.0106 

0.0124 

0.0145 

0.0168 

0.0193 

0.0220 

0.0251 

0.0284 

0.0320 

0.0358 

0.0400 


0.0645 

0.0700 

0.0757 

0.0815 

0.0873 

0.0931 

0.0989 

0.1047 

0.1102 

0.1157 

0.1208 

0.1258 

0.1305 

0.1349 

0.1391 

0.1430 

0.1466 

0.1500 

0.1532 

0.1561 

0.1588 


0.1717 

0.1734 

0.1750 

0.1765 

0.1780 

0.1793 

0.1806 

0.1819 

0.1830 

0.1842 


165.19 

163.67 

162.07 

160.40 
158.65 

156.83 

154.93 
152.05 
150.90 
148.78 

146.57 

144.29 

141.94 
139.50 
137.00 

134.41 
131.76 
129.04 
126.25 
123.40 

120.49 
117.53 
114.52 

111.49 
108.44 

105.38 

102.32 

90.28 

98.28 
93.33 


IMAG.  \  MODULUS 


0.0155 

0.0188 

0.0228 

0.0270 

0.0319 

0.0374 

0.0437 

0.0506 

0.0583 

0.0668 

0.0761 

0.0863 

0.0973 

0.1093 

0.1223 

0.1362 

0.1510 

0.1668 

0.1835 

0.2011 

0.2195 

0.2387 

0.2586 

0.2790 

0.2998 

0.3209 

0.3421 

0.3633 

0.3843 

0.4050 

0.4253 

0.4449 

0.4639 

0.4821 

0.4995 

0.5160 

0.5318 

0.5467 

0.5607 

0.5740 

0.5865 

0.5983 

0.6093 

0.6198 

0.6296 

0.6388 

0.6475 

0.6557 

0.6635 

0.6708 

0.6777 

0.6843 

0.6905 

0.6964 

0.7020 

0.7073 

0.7124 

0.7173 

0.7219 

0.7264 


0.1234 

0.1357 

0.1485 

0.1617 

0.1753 

0.1893 

0.2037 

0.2183 

0.2332 

0.2483 

0.2635 

0.2788 

0.2940 

0.3091 

0.3241 

0.3387 

0.3529 

0.3667 

0.3798 

0.3922 

0.4038 

0.4145 

0.4240 

0.4325 

0.4307 

0.4456 

0.4503 

0.4536 

0.4556 

0.4564 

0.4560 

0.4545 

0.4521 

0.4487 

0.4447 

0.4399 

0.4347 

0.4291 

0.4231 

0.4168 


0.3465 

0.3407 

0.3350 

0.3295 

0.3241 

0.3189 

0.3138 

0.3089 

0.3041 

0.2995 


0.1244 

0.1370 

0.1502 

0.1639 

0.1782 

0.1930 

0.2083 

0.2241 

0.2404 

0.2571 

0.2743 

0.2918 

0.3097 

0.3279 

0.3464 

0.3650 

0.3839 

0.4029 

0.4218 

0.4408 

0.4596 

0.4783 

0.4967 

0.5146 

0.5322 

0.5491 

0.5655 

0.5812 

0.5961 

0.6102 

0.6235 

0.6360 

0.6477 

0.6586 

0.6687 

0.6781 

0.6868 

0.6949 

0:7024 

0.7094 

0.7158 

0.7218 

0.7274 

0.7327 

0.7375 

0.7421 

0.7464 

0.7504 

0.7542 

0.7578 

0.7612 

0.7644 

0.7675 

0.7704 

0.7732 

0.7759 

0.7785 

0.7810 

0.7834 

0.7857 


WADC  TR  56-614 


1-95 


1.1782 

1.1785 

1.1786 

1.1788 

1.1788 

1.1788 

1.1787 
1.1786 
1.1784 
1.1782 

1.1780 

1.1777 

1.1774 

1.1770 

1.1766 


1.1738 

1.1733 

1.1728 

1.1722 

1.1717 

1.1711 

.1705 

.1699 

.1693 

.1687 


-0.3405 

-0.3335 

-0.3269 

-0.3204 

-0.3143 

-0.3083 

-0.3026 

-0.2971 

-0.2918 

-0.2866 

-0.2817 

-0.2769 

-0.2723 

-0.2678 

-0.2634 

-0.2592 

-0.2551 

-0.2512 

-0.2473 

-0.2436 

-0.2400 

-0.2365 

-0.2330 

-0.2297 

-0.2265 

-0.2233 

-0.2203 

-0.2173 

-0.2143 

-0.2115 

-0.2087 

-0.2060 

-0.2034 

-0.2008 

-0.1983 

-0.1958 

-0.1934 

-0.1911 

-0.1888 

-0.1866 


1.1620 

1.1614 

1.1608 

1.1602 

1.1596 

1.1590 

1.1584 

1.1579 

1.1573 

1.1567 

1.1561 

1.1555 

1.1550 

1.1544 

1.1539 

1.1533 

1.1527 

1.1522 

1.1517 

1.1511 


-0. 

-0. 
-0.1684 
.1666 

648 
631 
-0.1614 
-0.1597 
-0.1580 

-0.1564 

-0.1548 

-0.1533 

-0.1518 

-0.1503 


0.9120 
0.9123 
0.9 
0.9 
0.9 


0.9149 

0.9153 

0.9156 

0.9159 

0.9162 

66 
69 
72 
0.9176 
0.9179 

0.9182 

0.9186 

0.9189 

0.9193 

0.9196 

0.9199 

0.9203 

0.9206 

0.9209 

0.9213 

0.9216 

0.9219 

0.9222 

0.9226 

0.9229 

0.9232 

0.9235 

0.9238 

0.9242 

0.9245 

0.9248 

0.9251 

0.9254 

0.9257 

0.9260 

0.9263 

0.9266 

0.9288 

0.9271 

0.9274 

0.9277 

0.9280 

0.9282 

0.9285 

0.9288 

0.9290 

0.9293 

0.9296 

0.9298 

0.9301 


0.8896 

0.8720 

0.8551 

0.8388 

0.8232 

0.8082 

0.7937 

0.7797 

0.7663 

0.7533 

0.7408 

0.7287 

0.7170 

0.7057 

0.6948 

0.6841 

0.6739 

0.6639 

0.6542 

0.6448 

0.6357 

0.6269 

0.6182 

0.6099 

0.6017 

0.5937 

0.5860 

0.5785 

0.5711 

0.5640 

0.5570 

0.5501 

0.5435 

0.5370 

0.5306 

0.5244 

0.5183 

0.5124 

0.5066 

0.5009 

0.4953 

0.4890 

0.4845 

0.4793 

0.4742 

0.4692 

0.4643 

0.4595 

0.4547 

0.4501 

0.4456 

0.4411 

0.4368 

0.4325 

0.4283 

0.4242 

0.4201 

0.4161 

0.4122 

0.4084 


0.4108 

0.4181 

0.4252 

0.4322 

0.4390 

0.4457 

0.4522 

0.4585 

0.4647 

0.4708 

0.4767 

0.4825 

0.4882 

0.4938 

0.4992 

0.5045 

0.5097 

0.5148 

0.5198 

0.5247 

0.5296 

0.5343 

0.5389 

0.5434 

0.5479 

0.5523 

0.5565 

0.5608 

0.5649 

0.5690 

0.5729 

0.5769 

0.5807 

0.5845 

0.5883 

0.5919 
0.5955 
0.5991 
0.6026 
.6060 

0.6094 

0.6127 

0.6160 

0.6192 

0.6224 

0.6255 

0.6286 

0.6316 

0.6346 

0.6376 

0.6405 

0.6433 

0.6461 

0.6489 

0.6516 

0.6543 

0.6570 

0.6596 

0.6622 

0.6647 


0.8569 

0.8545 

0.8522 

0.8500 

0.8479 

0.8459 

0.8440 

0.8421 

0.8402 

0.8385 

0.8368 

0.8351 

0.8335 

0.8319 

0.8304 

0.8289 

0.8275 

0.8261 

0.8247 

0.8234 

0.8221 

0.8208 

0.8196 

0.8184 

0.8172 


0.8058 

0.8049 

0.8040 

0.8031 

0.8022 

0.8014 

0.8005 

0.7997 

0.7989 

0.7981 

0.7973 

0.7966 

0.7958 

0.7951 

0.7943 

0.7936 

0.7929 

0.7922 

0.7916 

0.7909 

0.7902 

0.7896 

0.7890 

0.7883 

0.7877 


-0.1126 

-0.1115 

-0.1104 

-0.1093 

-0.1082 

-0.1072 

-0.1062 

-0.1052 

-0.1042 

-0.1032 

-0.1023 
-0.1014 
-0. 
-0.0996 
-0.0987 

-0.0978 

-0.0970 

-0.0961 

-0.0953 

-0.0945 

-0.0937 

-0.0930 

-0.0922 

-0.0914 

-0.0907 

-0.0900 

-0.0893 

-0.0886 

-0.0879 

-0.0872 


-0.0814 

-0.0808 

-0.0803 

-0.0797 

-0.0791 

-0.0785 

-0.0780 

-0.0774 

-0.0769 

-0.0764 

-0.0758 

-0.0753 


0.8660 

0.8634 

0.8610 

0.8586 

0.8564 

0.8542 

0.8521 

0.8500 

0.8481 

0.8462 

0.8443 

0.8425 

0.8408 

0.8391 

0.8374 

0.6358 

0.8343 

0.8328 

0.8313 

0.6298 

0.8284 

0.8271 

0.8257 

0.8244 

0.8231 

.8219 
0.8207 
0.8195 
0.8183 
0.8172 

0.8161 

0.6150 

0.6139 

0.8128 

0.8118 

0.8108 

0.8098 

0.8088 

0.8079 


0.8 
0.8 
0.8 
0.8033 
0.8025 

0.8017 

0.8008 

0.8000 

0.7992 

0.7984 


351.69 

351.75 
SSI .82 
351.89 

351.95 

352.02 

352.08 

352.15 

352.21 
352.27 

352.33 

352.40 
352.46 
352.51 

352.57 

352.63 

352.69 
352.74 

352.80 
352.85 

352.91 

352.96 
353.01 
353.06 

353.11 

353.16 

353.21 

353.26 
353.31 

353.36 

353.40 
353.45 
353.50 
353.54 

353.58 

353.63 
353.67 
353.71 

353.76 

353.80 

353.84 

353.88 

353.92 

353.96 
354.00 

354.04 

354.08 

354.11 
354.15 
354.19 

354.23 

354.26 
354.30 

354.33 

354.37 


WADC  TR  56-614 


A-96 


a*  0.50 


I^VFio 


0.1431 

0,1455 

0.1478 

0.1500 

0.1521 

0.1541 
0.1560 
0.1579 
0. 
0.1615 


0.1830 

0.1851 

0.1882 

0.1873 

0.1883 

0.1893 

0.1904 

0.1914 

0.1923 

0.1933 

0.1042 

0.1051 

0.1960 

0.1969 

0.1978 

0.1986 

0.1995 

0.2003 

0.2011 

0.2019 

0.2027 

0.2034 

0.2042 

0.2049 

0.2057 


0.2064 


0.1252 

0.1239 

0.1225 

0.1212 

0.1199 

0.1186 

0.1174 

0.1162 

0.1150 

0.1138 

0.1126 

0.1115 

0.1104 

0.1093 

0.1082 

0.1072 

0.1062 

0.1052 

0.1042 

0.1032 

0.1023 

0.1014 

0.1005 

0.0996 

0.0987 

0.0978 

0.0970 

0.0961 

0.0953 

0.0045 

0.0937 

0.0930 

0.0922 

0.0914 

0.0907 

0.0900 

0.0893 

0.0886 

0.0879 

0.0872 

0.0865 

0.0858 

0.0852 

0.0645 

0.0839 

0.0833 

0.0826 

0.0620 

0.0814 

0.0808 

0.0803 

0.0797 

0.0791 

0.0785 

0.0780 

0.0774 

0.0769 

0.0764 

0.0758 

0.0753 


0.1902 

0.1911 

0.1920 

0.1928 

0.1936 


0.2019 
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3.3955 

3.2896 

3.1860 

3.0849 

2.9866 

2.8911 

2.7987 

2.7093 

2.6232 

2.5402 

2.4605 

2.3839 

2.3104 

2.2400 

2.1726 

2.1081 

2.0463 

1.9873 

1.9308 

1.8769 

1.8253 

1.7761 

1.7290 

1.6840 

1.6409 

1.5998 

1.5605 

1.5229 

1.4869 

1.4524 

1.4195 

1.3879 

1.3576 

1.3286 

1.3008 

1.2741 

1.2485 

1.2239 

1.2003 

1.1776 

1.1558 

1.1348 


0.0049 

0.0054 

0.0059 

0.0065 

0.0072 

0.0080 

0.0089 

0.0099 

0.0110 

0.0123 

0.0138 

0.0154 

0.0172 

0.0193 

0.0216 

0.0241 

0.0270 

0.0301 

0.0335 

0.0373 

0.0413 

0.0457 

0.0505 

0.0555 

0.0609 

0.0666 

0.0726 

0.0788 

0.0854 

0.0922 

0.0992 

0.1065 

0.1139 

0.1215 

0.1292 

0.1371 
0.1450 
0. 1531 
0.1612 
0. 1693 

0.1775 
0.1856 
0. 1938 
0.2019 
0.2100 

0.2181 

0.2261 

0.2340 

0.2418 

0.2496 

0.2573 

0.2648 

0.2723 

0.2797 

0.2869 

0.2941 

0.3011 

0.3080 

0.3148 

0.3215 


0.9968 

0.9935 

0.9900 

0.9864 

0.9828 

0.9792 

0.9756 

0.9720 

0.9685 

0.9850 

0.9817 

0.9584 

0.9552 

0.9522 

0.9492 

0.9463 

0.9436 

0.9409 

0.9384 

0.9360 

0.9336 

0.9314 

0.9292 

0.9272 

0.0252 

0.9233 

0.9215 

0.9198 

0.9181 

0.9165 

0.9150 

0.9135 

0.9121 

0.9107 

.9094 


-0.0758 
-0. 

-0.0 
-0.0 
-0.0 


1.0156 

1.0165 


.0176 

.0177 

.0176 

.0172 

.0164 

.0153 

.0139 

.0121 

.0100 

.0077 

.0051 

1.0022 

0.9992 

0.9960 

0.9926 

0.9892 

0.9858 


0.9823 

0.9788 

0.9753 

0.9719 

0.9685 

0.9651 

0.9619 

0.9587 

0.9557 

0.9527 

0.9498 

0.9471 

0.9444 

0.9418 

0.9393 

0.9370 

0.9347 

0.9325 

0.9304 

0.9284 

0.9264 

0.9246 

0.9228 

0.9211 

0.9194 

0.9178 

0.9163 

0.9148 

0.9134 

0.9121 


toewc^} 


359.69 

359.88 

359.82 
359.77 

359.70 

359.63 

359.54 

359.44 

359.33 
359.20 

359.05 

358.89 
358.72 
358.53 

358.33 

358.13 
357.91 
357.69 
357.47 

357.25 

357.04 

356.83 

356.63 
356.43 

356.25 

356.09 

355.93 

355.79 

355.66 

355.55 

355.45 
355.36 
355.29 

355.23 
355.18 

355.14 
355.11 
355.09 
355.08 
355.07 

355.07 

355.08 

355.09 

355.11 

355.13 

355.15 
355.18 
355.21  I 

355.24 
355.27 

355.31 

355.35 

355.38 

355.42 

355.46 

355.50 

355.53 

355.57 

355.61 

355.65 


WADC  TR  66-614 


A-lOO 


>0.0047 

>0.0056 

>0.0066 

-0.0076 

-0.0088 

-0.0009 

-0.0111 

-0.0123 

-0.0134 

-0.0145 

-0.0155 

-0.0163 

-0.0169 

-0,0172 

>0.0173 

-0.0171 

>0,0165 

-0.0156 

-0.0143 

-0.0127 

-0.0108 

-0.0085 

-0,0059 

>0.0031 

-0.0001 

0.0032 

0.0065 

0.0100 

0.0136 

0.0172 

0.0208 

0.0244 

0.0280 

0.0315 

0.0350 

0.0383 

0.0416 

0.0448 

0,0478 

0.0508 

0.0537 

0.0564 

0.0591 

0.0616 

0.0640 

0.0664 

0.0686 

0.0708 

0.0728 

0.0748 

0.0767 

0.0785 

0.0802 

0.0819 

0.0835 

0.0850 

0.0865 

0.0879 

0.0893 

0.0906 


0.0019 

0.0025 

0.0032 

0.0041 

0.0052 

0.0065 

0.0081 

0.0099 

0.0119 

0.0142 

0.0168 

0.0197 

0.0228 

0.0261 

0.0296 

0.0333 

0.0371 

0.0409 

0.0448 

0.0486 

0.0523 

0.0559 

0.0593 

0.0625 

0.0655 


0.0816 

0.0812 

0.0808 

0.0803 

0.0797 

0.0792 

0.0785 

0.0779 

0.0772 

0.0765 

0.0758 

0.0750 

0.0743 

0.0736 

0.0728 

0.0721 
0.0714 
06 
99 
92 


0.0051 

0.0061 

0.0073 

0.0087 

0.0102 


0.0119 

0.0137 

0.0158 

0.0180 

0.0203 

0.0229 

0.0255 

0.0283 

0.0313 

0.0343 

0.0374 

0,0406 

0.0438 

0.0470 

0.0502 

0.0534 

0.0565 

0.0596 

0.0626 

0.0655 

0.0683 

0.0710 

0.0736 

0.0760 

0.0784 

0.0807 

0.0828 

0.0848 

0.0867 

0.0886 

0.0903 

0.0919 

0.0935 

0.0949 

0.0963 


0.0976 
0.0989 
0,1001 
0. 1012 
0. 1023 


0.1101 

0.1108 


158.57 
156.39 
154.11 
151.73 
149.25 

146.68 

144.02 

141.28 

138.46 

135.57 

132.61 

129.59 

126.53 

123.43 

120.30 


117.16 


101.63 

98.64 

95.71 

92.84 

90.05 


0.0158 

0.0193 

0.0233 

0.0279 

0.0332 

0.0392 

0.0459 

0.0535 

0.0620 

0.0714 

0.0818 

0.0932 

0.1055 

0.1189 

0.1332 

0.1485 

0.1646 

0.1816 

0.1991 


0.2740 

0.2932 

0.3123 

0.3313 

O.SSOO 

0.3684 

0.3863 

0.4038 

0.4207 

0.4371 

0.4528 

0.4680 

0.4825 

0.4965 

0.5098 

0.5225 

0.5346 

0.5461 

0.5571 

0.5676 

0.5776 

0.5871 

0.5961 

0.6047 

0.6129 

0.6207 

0.6281 

0.6352 

0.6420 

0.6485 

0.6547 

0.6606 

0.6662 

0.6717 

0.6769 

0.6819 

0.6867 

0.6913 


0.1239 

0.1363 

0.1402 

0.1626 

0.1764 

0.1906 

0.2051 

0.2199 

0.2348 

0.2499 

0.2649 

0.2798 

0.2945 

0.3088 

0,3226 

0.3358 

0.3483 

0.3600 

0.3707 

0.3804 

0.3891 

0.3966 

0.4031 

0.4084 

0.4127 

0.4158 

0.4180 

0.4193 

0.4196 

0.4192 

0.4180 

0.4162 

0.4138 

0.4109 

0.4075 

0.4038 

0.3997 

0.3954 

0.3909 

0.3862 

0.3813 

0.3764 

0;3714 

0.3664 

0.3614 

0.3564 

0.3514 

0.3465 

0.3416 

0.3368 

0.3320 

0.3274 

0.3228 

0.3183 

0.3139 

0.3097 

0.3055 

0.3014 

0.2974 

0.2935 


0. 1249 
0. 1377 
0.1510 
0.1650 
0.1795 

0,1046 

0.2102 

0.2263 

0.2420 

0.2599 

0.2772 

0.2940 

0.3128 

0.3309 

0.3490 

0.3672 

0.3853 

0.4032 

0.4208 

0.4381 

0.4550 

0.4715 

0.4874 

0.5028 

0.5175 

0.5317 

0.5452 

0.5581 

0.5704 

0.5820 

0.5931 

0.6035 

0.6134 

0.6228 

0.6316 

0.6399 

0.6478 

0.6552 

0.6622 

0.6689 

0.6751 

0.6811 

0.6867 

0.6920 

0.6971 

0.7019 

0.7065 

0.7109 

0.7150 

0.7190 

0.7228 

0.7264 

0.7299 

0.7333 

0.7365 

0.7396 

0.7426 

0.7455 

0.7483 

0.7510 


WM)C  TR  56-614 


A^lOl 


-0.4011 

-0.3934 

-0.8850 

-0.3788 

-0.3710 


0.0405 

0.0414 

0.0422 

0.9431 

0.0430 


1.1140 

1.0051 

1.0763 

i.<»82 

1.0408 

1.0230 

1.0076 

0.9010 

0.0767 

0.0620 

0.9477 

0.0339 

0.0206 

0.0076 

0.8950 

0.8828 

0.8710 

0.8504 

0.6482 

0.8373 

0.8267 

0.8164 

0.8063 

0.7065 

0.7860 

0.7776 

0.7685 

0.7506 

0,7510 

0.7425 

0.7342 

0.7261 

0.7182 

0.7104 

0.7028 

0.6054 

0.6862 

0.6810 

0.6741 

0.6672 

0.8605 

0.6540 

0.6475 

0.6412 

0.6350 

0.0289 

0.0230 

0.6171 

0.8114 

0.6057 

0.6002 

0.5947 

0.5804 

0.5841 

0.5700 

0.5730 

0.5669 

0.5640 

0.5592 

0.5544 


0.3281 

0.3345 

0.3408 

0.3471 

0.3532 

0.3592 

0.3651 

0.3700 

0.‘8765 

0.3821 

0.3876 

0.3030 

0.3983 

0.4035 

0.4086 

0.4136 

0.4166 

0.4234 

0.4282 

0.4320 

0.4375 

0.4420 

0.4465 

0.4500 

0.4552 

0.4505 

0.4637 

0.4678 

0.4710 

0.4759 

0.4700 

0.4838 

0.4876 

0.4914 

0.4052 

0.4989 

0.5025 

0.5061 

o.'sooe 

0.5131 

0.5166 

0.5200 

0.5233 

0.5287 

0.5200 

0.5332 

0.5363 

0.5395 

0.5426 

0.5457 

0.5487 

0.5517 

0.5547 

0.5576 

0.5605 

0.5833 

0.5662 

0.5689 

0.5717 

0.5744 


0.0082 

0.0060 

0.0058 

0.0046 

0.0035 

0.0025 

0.0014 

0.9004 

0.8005 

0.8085 

0.8076 

0.8067 

0.8058 

0.8050 

0.8042 

0.8034 

0.8026 

0.8018 

0.8011 

0.8003 

0.8806 

0.8880 

0.8883 

0.8876 

0.8869 

0.8863 

0.8857 

0.8851 

0.8844 

0.8830 

0.8833 

0.8827 

0.8822 

0.8816 

0.8811 

0.8805 

0.8800 

0.8705 

0.8790 

0.8785 


-0.0685 

-0.0678 

-0.0671 

-0.0665 

-0.0658 

-0.0652 

-0.0645 

-0.0639 

-0.0633 

-0.0627 

-0.0621 

-0.0615 

-0.0610 

-0.0604 

-0.0500 

-0.0504 

-0.0588 

-0.0583 

-0.0578 

-0.0573 

-0.0568 

-0.0564 

-0.0550 

-0.0554 

-0.0550 

-0.0545 

-0.0541 

-0.0537 

-0.0533 

-0.0528 

-0.0524 

-0.0520 

-0.0516 

-0.0512 

-0.0509 

-0.0505 

-0.0501 

-0.0497 

-0.0404 

-0.0490 


0.0048 

0.0037 

0.0027 

0.9017 

0.0007 

0.8907 

0.8088 

8.8079 
.8970 
0.8962 

0.8053 

0.8045 

0.8037 

0.8030 

0.8922 

0.8014 

0.8007 

0.8000 

0.8803 

0.8886 

0.8880 

0.8873 

0.8867 

0.8861 

0.8854 

0.8848 

0.8842 

0.8837 

0.8831 

0.8825 

0.8820 

0.8814 

0.8800 

0.8804 

0.8709 

0.8794 

0.8789 

0.8784 

0.8779 

0.8775 

0.8770 

0.8765 

0.8761 

0.8757 

0.8752 

0.8748 

0.8744 

0.8740 

0.8736 

0.8732 

0.8728 

0.8724 

0.8720 

0.8716 

0.8713 


355.60 

355,72 

355.76 

355.80 

355.83 

355.87 

355.01 

355.04 

355.07 

356.01 

856.04 

356.07 

356.11 

356.14 

356.17 

356.20 

356.23 

356.26 

356.20 

356.32 

356.34 

356.37 

356.40 

356.43 

356.45 

356.48 

356.50 

356.53 

356,55 

356.58 

356.60 

356.63 

356.65 

356.67 

356.70 

356.72 

356.74 

356.76 

356.78 

356.81 

356.83 

356.85 

356.87 

356.80 

356.01 

356.03 

356.95 

358.07 

358.09 

357.01 

357.03 

357.04 

357.06 

357.08 

357.10 

357.12 
357. 
357. 
357. 
357. 


<r»  0.50 


0.0918 

0.0931 

0.0942 

0.0954 

0.0965 

6.0975 
0.0986 
0,0996 
0. 1005 
0. 1015 

0.1024 

0.1033 

0.1042 

0.1050 

0.1058 


0.1104 

0.1111 

0.1117 

0.1124 

0.1131 

0.1137 

0.1143 

0.1149 

0.1156 

0.1161 

0.1167 

0.1173 

0.1178 

0.1184 

0.1189 

0.1195 
0.1200 
0.1205 
0. 1210 
0. 1215 

0.1220 

0.1224 

0.1229 

0.1234 

0.1238 

0. 1243 
0. 1247 
0.1251 
0.1256 
0. 1260 

0.1264 
0. 1268 
0. 1272 
0. 1276 
0. 1280 

0.1283 

0.1287 

0.1291 

0.1294 

0.1298 


0,0685 

0.0678 

0.0671 

0.0665 

0.0658 

0,0652 

0,0645 

0.0639 

0.0633 

0.0627 

0.0621 


0.0599 

0.0594 

0.0588 

0.0583 

0.0578 

0.0573 

0.0568 

0.0564 

0.0559 

0.0554 

0.0550 

0.0545 

0.0541 

0.0537 

0.0533 

0.0528 

0.0524 

0.0520 

0.0516 

0.0512 

0.0509 

0.0505 

0.0501 

0.0497 

0.0494 

0.0490 


0.1173 

0.1178 

0.1183 

0.1188 

0.1193 

0.1198 

0.1202 

0.1207 

0.1212 

0.1216 

0.1220 

0.1225 

0.1229 

0.1233 

0.1237 

0.1241 

0.1245 

0.1249 

0.1253 

0.1257 

0.1261 

0.1265 

0.1269 

0.1272 

0.1276 

0.1280 

0.1283 

0.1287 

0.1290 

0.1294 

0.1297 

0.1300 

0.1304 

0.1307 

0.1310 

0.1313 
0.1316 
0.1319 
0.1323 
0. 1326 

0.1329 

0.1331 

0.1334 

0.1337 

0.1340 

0.1343 
0.1346 
0.1348 
0.1351 
0. 1354 

0.1356 
0.1359 
0. 1362 
0.1364 
0. 1367 


33.75 

33.21 

32.70 
32.20 

31.71 

31.24 

30.70 
30.35 
29.92 
29.50 

29.10 

28.71 
28.33 
27.96 
27.60 


21.75 

21.54 

21.32 

21.12 

20.91 


.7421 
0.7450 

0.7478 

0.7506 

0,7533 

0.7559 

0.7585 

0.7610 

0.7635 

0.7659 

0.7683 

0.7706 

0.7729 

0.7751 

0.777.3 

0.7794 

0.7815 

0.7836 

0.7856 

0.7876 

0.7895 

0.7914 

0.7933 

0.7952 

0,7970 

0.7988 

0.8005 

0.8022 

0.8039 

0.8056 

0.8072 

0.8088 

0.8104 

0.8120 

0.8135 

0.8150 

0.8165 

0.6180 

0.8194 

0.8208 

0.8222 

0.8236 

0.8249 

0.8263 

0.8276 

0.8289 

0.8301 


IMAG.  MODUWS 


0.2897 

0.2860 

0.2824 

0.2789 

0.2755 

0.2722 

0.2689 

0.2658 

0.2627 

0.2597 

0.2568 

0.2539 

0.2511 

0.2484 

0.2458 

0.2432 

0.2406 

0.2382 

0.2358 

0.2334 


0.2311 

0.2288 

0.2266 

0.2244 

0.2223 

0.2202 

0.2182 

0.2162 

0.2142 

0.2123 

0.2104 

0.2086 

0.2068 

0.2050 

0.2032 

0.2015 

0.1998 

0.1981 

0.1965 

0.1949 

0.1933 
0.1917 
0. 1902 
0. 1687 
0. 1872 

0.1857 

0.1843 

0.1829 

0.1815 

0.1801 

0.1787 
0.1774 
0.1761 
0.1748 
0. 1735 

0.1722 
0.1710 
0.1698 
0. 1685 
0.1673 


0.7953 

0,7970 

0.7987 

0.8004 

0.6020 

0.8036 

0.8052 

0.8068 

0.8083 

0.8098 

0.8113 

0.8126 

0.8143 

0.8157 

0.8171 

0.8185 

0.8199 

0.8212 

0,8226 

0.8230 

0.8252 

0.8265 

0.8277 

0.8290 

0.8302 

0.8314 

0.8326 

0.8338 

0.8350 

0.8361 

0.8373 

0.8384 

0.8395 

0.8406 

0.8417 

0,8427 

0.8438 

0.8448 

0.8458 

0.8468 


22.61 

22.22 

21.85 

21.50 

21.15 
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ff-  B  0.50 
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a 

/ 

t  X 

n 

REAL 

IMA6. 

REAL 

IMAG. 

MODUUJS 

WaXiEMM 

■nrrn 

1.0373 

-0,1829 

0.9781 

0.5497 

0.5771 

0.8699 

-0.0425 

0.8709 

357.20 

1.0365 

-0.1812 

0.9785 

0.5452 

0.5797 

0.8695 

-0.0422 

0.8705 

357.22 

1,0357 

-0.1796 

0.9790 

0.5406 

0.5824 

0.8692 

-0,0420 

0.8702 

357.24 

1.0350 

-0.1779 

0.9794 

0.5362 

0.5850 

0,8688 

-0.0417 

0.8698 

357.25 

7.20 

1.0342 

-0.1768 

0.9798 

0.5318 

0.5875 

0.8685 

-0.0414 

0.8695 

357.27 

7,25 

1.0334 

-0.1748 

0.9802 

0.5275 

0.5901 

0.8682 

-0.0412 

0.8692 

357.28 

7.30 

1.0327 

-0.1732 

0.9806 

0.5233 

0.5926 

0.8679 

-0.0409 

0.8688 

7.35 

1.0320 

-0.1717 

0.9810 

0.5191 

0.5950 

0.8675 

-0.0407 

0.8685 

hi 

7.40 

1.0312 

0.9814 

0.5150 

0.5975 

0.8672 

-0.0404 

0.8682 

7.45 

1.0305 

-0.1687 

0.9818 

0.5110 

0.5999 

0.8689 

-0.0402 

0.8679 

357.35 

7.50 

1.0298 

-0.1673 

0.9822 

0.5070 

0.6023 

0.8666 

-0.0400 

0.8675 

357.36 

7.55 

1.0291 

-0, 1659 

0.9826 

0.5031 

0.8047 

0.8663 

-0.0397 

0.8672 

357.38 

7.60 

1.0284 

-0.1645 

0.9830 

0.4992 

0.6070 

0.8660 

-0,0395 

0.8669 

357.39 

7.65 

1,0277 

-0.1631 

0.9833 

0.4954 

0.6093 

0.8657 

-0.0392 

0.8666 

357.40 

7.70 

1.0271 

-0.1617 

0.9837 

0.4917 

0.6116 

0.8654 

-0.0390 

0.8663 

357.42 

7.75 

1.0264 

-0.1604 

0.9841 

0.4880 

0.6139 

0.8652 

-0.0388 

0.8660 

357.43 

7.80 

1.0257 

-0. 1591 

0.9844 

0.4844 

0.6161 

0.8649 

-0.0386 

0.8657 

357.45 

7.85 

1.0251 

-0.1578 

0.9848 

0.4808 

0.6183 

0.8646 

-0.0383 

0.8655 

357.46 

7.90 

1.0244 

-0.1565 

0.9852 

0.4773 

0.6205 

0.8643 

-0.0381 

0.8652 

357.48 

7.95 

1.0238 

-0.1553 

0,9855 

0.4738 

0.6226 

0.8641 

-0.0379 

0.8649 

357.49 

8.00 

1.0231 

-0.1540 

0.9859 

0.4704 

0.6248 

0.8638 

-0.0377 

0.8646 

8.05 

1.0225 

-0.1528 

0.9862 

0.4670 

0.6269 

0.8635 

-0.0375 

0.8644 

fKi  "'fl 

8.10 

1.0219 

-0.1516 

0.9865 

0.4636 

0.6290 

0.8633 

-0,0372 

0.8641 

ft  F  rK 

8.15 

1.0212 

-0.1505 

0.9869 

0.4604 

0.6311 

0.8630 

-0.0370 

0.8638 

357.54 

8.20 

1.0206 

-0.1493 

0.9872 

0.4571 

0.6331 

0.8628 

-0.0368 

0.8636 

357.56 

8.25 

1.0200 

-0. 1482 

0.9875 

0.4539 

0.6351 

0.8625 

-0.0366 

0.8633 

357.57 

8.30 

1.0194 

-0.1470 

0.9879 

0.4508 

0.6371 

0.8623 

-0.0364 

0.8631 

357.58 

8.35 

1.0188 

-0. 1459 

0.9882 

0.4477 

0.6391 

0.8620 

-0.0362 

0.8628 

357.59 

8.40 

1.0183 

-0.1448 

0.9885 

0.4446 

0.6411 

0.8618 

-0.0360 

0.8626 

357.61 

8.45 

1.0177 

-0.1438 

0.9888 

0.4416 

0.6430 

0.8616 

-0.0358 

0.8623 

357.62 

8.50 

1.0171 

-0.1427 

0.9891 

0.4386 

0.6449 

0.8613 

-0.0356 

0.8621 

357.63 

8.55 

1,0165 

-0.1416 

0.9894 

0.4357 

0.6468 

0.8611 

-0.0354 

0.6618 

357.64 

8.60 

1.0160 

-0.1406 

0.9898 

0.4328 

0.6487 

0.8609 

-0.0353 

0.8616 

357.66 

8.65 

1.0154 

-0.1396 

0.9901 

0.4299 

0.6506 

0.8607 

-0.0351 

0.8614 

357.67 

8.70 

1.0149 

-0.1386 

0.9904 

0.4271 

0.6524 

0.8604 

-0.0349 

0.8611 

357.68 

8.75 

1.0143 

-0.1376 

0.9907 

0.4243 

0.8542 

0.8602 

-0.0347 

0.8609 

357.69 

8.80 

1.0138 

-0.1366 

0.9909 

0.4215 

0.6561 

0.8600 

-0.0345 

0.8607 

357.70 

8.85 

1.0132 

-0. 1357 

0.9912 

0.4188 

0.8578 

0.8598 

-0.0343 

0.8605 

367.71 

1.0127 

-0.1347 

0.9915 

0.4161 

0.6596 

0.8596 

-0.0342 

0.8602 

357.72 

8.95 

1.0122 

-0.1338 

0.9918 

0.4135 

0.6614 

0.8594 

-0.0340 

0.8600 

357.74 

9.00 

1.0117 

-0.1329 

0.9921 

0.4108 

0.6631 

0.8591 

-0.0338 

0.8598 

357.75 

9.05 

1.0111 

-0.1320 

0.9924 

0.4082 

0.8648 

0.8589 

-0.0336 

0.8596 

357.76 

9.10 

1.0106 

-0.1311 

0.9927 

0.4057 

0.6665 

0.8587 

-0.0335 

0.8594 

357.77 

9.15 

1.0101 

-0. 1302 

0.9929 

0.4032 

0.6682 

0.8585 

-0.0333 

0.8592 

857.78 

9.20 

1.0096 

-0.1293 

0.9932 

0.4007 

0.6699 

0.8583 

-0.0331 

0.8590 

357.79 

9.25 

1.0091 

-0.1284 

0.9935 

0.3982 

0.6715 

0.8581 

-0.0330 

0.8588 

357.80 

9.30 

1.0086 

-0.1276 

0.9937 

0.3958 

0.6731 

0.8580 

-0.0328 

0.8586 

357.81 

9.35 

1.0082 

-0.1267 

0.9940 

0.3934 

0.6748 

0.8578 

-0.0326 

0.8584 

357.82 

9.40 

1.0077 

-0. 1259 

0.9943 

0.3910 

0.6764 

0.8576 

-0.0325 

0.8582 

357.83 

9.45 

1.0072 

-0.1251 

0.9945 

0.3887 

0.8780 

0.8574 

-0.0323 

0.8580 

357.84 

9.50 

1.0067 

-0.1243 

0.9948 

0.3864 

0.6795 

0.8572 

-0.0321 

0.8578 

357.85 

9.55 

1.0063 

rO. 1235 

0.9950 

0.3841 

0.6811 

0.8570 

-0.0320 

0.8576 

357.86 

9.60 

1.0058 

-0. 1227 

0.9953 

0.3818 

0.6826 

0.8568 

-0.0318 

0.8574 

857.87 

9.65 

1.0053 

-0.1219 

0.9955 

0.3796 

0.6842 

0.8567 

-0.0317 

0.8572 

357.88 

9.70 

1.0049 

-0.1211 

0.9958 

0.3774 

0.6857 

0.8565 

-0.0315 

0.8571 

357,89 

9.75 

1.0044 

-0.1204 

0.9960 

0.3752 

0.8872 

0.8563 

-0.0314 

0.8569 

357.90 

9.80 

1.0040 

-0.1196 

0.9963 

0.6887 

0.8561 

-0.0312 

0.8567 

357.91 

9.85 

1.0035 

-0.1189 

0.9965 

0.6901 

0.8560 

-0.0311 

0.8565 

357.92 

9.90 

1.0031 

-0.1182 

0.9967 

0.6916 

0.8558 

-0.0309 

0.8563 

357.93 

9.95 

1.0027 

-0.1174 

0.9970 

0.6930 

0.8556 

-0.0308 

0.8562 

357.94 

-0.1167 

0.9972 

0.3646 

0.6945 

0.8555 

-0.0306 

0.6560 

357.95 
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.0 

CTs  0.50 

a 

/ 

REAL 

/MAG. 

MODULUS 

REAL 

IMAG. 

MODULUS 

PHASE  . 
loeenees) 

7.00 

0.1301 

0.0425 

0. 1360 

18.09 

0.8314 

0.1662 

0.8478 

11.30 

7.05 

0.1305 

0.1372 

17.94 

0.8326 

0.1650 

0.8488 

11.21 

7.10 

0.1308 

0.1374 

17.79 

0.8338 

0.1639 

0.8498 

11.12 

7.15 

0.1312 

0.0417 

0.1376 

17.64 

0.8350 

0.1627 

0.8507 

11.03 

7.20 

0.1315 

0.0414 

0.1379 

17.49 

0.8362 

0.1616 

0.8517 

10.94 

7.25 

0.1318 

0.0412 

0.1381 

17.35 

0.8374 

0.1605 

0.8526 

10.85 

7.30 

0.1321 

0.1383 

17.21 

0.8385 

0. 1594 

0.8535 

10.76 

7.35 

0. 1325 

0.1386 

17.07 

0.8397 

0.1583 

0.8545 

10.68 

7.40 

0. 1328 

0.1388 

16.94 

0.8408 

0.1573 

0.8554 

10.60 

7.45 

0.1331 

0.0402 

0.1390 

16.81 

0.8419 

0.1562 

0.8562 

10.51 

7.50 

0.1334 

0. 1392 

mm 

0.8420 

0.1552 

0.8571 

10.43 

7.55 

0.1337 

0.1395 

0.8440 

0. 1542 

0.8580 

10.35 

7.60 

0. 1340 

0. 1397 

16.42 

0.8451 

0. 1532 

0.8588 

10.27 

7.65 

0.1343 

0.1399 

16.29 

0.8461 

0.1522 

0.8597 

10.20 

7.70 

0. 1346 

0.0300 

0.1401 

16.17 

0.8471 

0.1512 

0.8605 

10.12 

7.75 

0.1348 

0.0388 

0.1403 

16.04 

0.8481 

0.1503 

0.8613 

10.05 

7.80 

0.1351 

0.0386 

0.1405 

15.92 

0.8491 

0.1493 

0.8622 

9.97 

7. 85 

0. 1354 

0.0383 

0.1407 

15.81 

0.8501 

0.1484 

0.8630 

0.90 

7.90 

0. 1357 

0.0381 

0.1409 

15.69 

0.8511 

0. 1474 

0.8638 

9.83 

7.95 

0. 1350 

0.0370 

0.1411 

15.57 

0.8521 

0.8646 

9.76 

0.1362 

0.0377 

0.1413 

15.46 

0.8530 

0.1456 

0.8653 

0.69 

0.1365 

0.0375 

0.1415 

15.35 

0.8539 

0.1447 

0.8661 

9.62 

8.10 

0.1367 

0.0372 

0.1417 

15.24 

0.8549 

0. 1438 

0.8660 

9.55 

8.15 

0.1370 

0.0370 

0.1419 

15.13 

0.8558 

0, 1429 

0.8676 

0.48 

8.20 

0.1372 

0.0368 

0.1421 

15.02 

0.8567 

0.1421 

0.8684 

9.42 

8.25 

0.1375 

0.0366 

0.1423 

14.92 

0.8576 

0.1412 

0.8691 

9.35 

8.30 

0. 1377 

0.0364 

0. 1425 

14.81 

0.8584 

0.1404 

0.8608 

9.29 

8.35 

0.1380 

0.0362 

0.1426 

14.71 

0.8593 

0.1395 

0.8705 

0.22 

8.40 

0.1382 

0.0360 

0.1428 

14.61 

0.8601 

0.1387 

0,8713 

0.16 

8.45 

0.1384 

0.0358 

0.1430 

14.51 

0.8610 

0.1379 

0.8720 

9.10 

8.50 

0.1387 

0.0356 

0.1432 

14.41 

0.8618 

0.1371 

0.8727 

9.04 

8.55 

0.1389 

0.0354 

0.1433 

14.31 

0.8626 

0.1363 

0.8733 

8.98 

8.60 

0.1301 

0.0353 

0.1435 

14.22 

0.8635 

0.1355 

0.8740 

6.92 

8.65 

0.1303 

0.0351 

0.1437 

14.12 

0.8643 

0.1347 

0,8747 

8.86 

8.70 

0.1398 

0.0349 

0.1439 

14.03 

0.8651 

0.1340 

0.8754 

8.60 

8.75 

0.1398 

0.0347 

0.1440 

13.94 

0.8658 

0. 1332 

0.8760 

8.75 

8.80 

0.1400 

0.0345 

0.1442 

13.85 

0.8666 

0.1324 

0.8767 

8.69 

8.85 

0.1402 

0.0343 

0.1444 

13.76 

0.8674 

0.1317 

0.8773 

8.63 

8.90 

0. 1404 

0.0342 

0.1445 

13.67 

0.8681 

0.1310 

0.8760 

8.58 

8.95 

0. 1406 

0.0340 

0.1447 

13.58 

0.8689 

0.1302 

0.8786 

8.52 

9.00 

0.1409 

0.0338 

0.1449 

13.49 

0.8696 

0.1295 

0.8792 

8.47 

9.05 

0.1411 

0.0336 

0.1450 

13.41 

0.8704 

0.1288 

0.8709 

8.42 

9.10 

0.1413 

0.0335 

0.1452 

13.32 

0.8711 

0.1281 

0.8805 

8.37 

0.15 

0.1415 

0.0333 

0.1453 

13.24 

0.8718 

0.1274 

0.8811 

8.31 

9.20 

0. 1417 

0.0331 

0.1455 

13.16 

0.8725 

0.1267 

0.8817 

8:26 

0.25 

0.1419 

0.0330 

0.1456 

13.08 

0.8732 

0.1260 

0.8823 

8.21 

9.30 

0.1420 

0.0328 

0.1458 

13.00 

0.8739 

0.1254 

0,8829 

8:i6 

9.35 

0.1422 

0.0326 

0.1459 

12.92 

0.8746 

0. 1247 

0.8834 

8;ii 

9.40 

0.1424 

0.0325 

0.1461 

12.84 

0.8753 

0.1240 

0.8840 

8.07 

9.45 

0. 1426 

0.0323 

0.1462 

12.76 

0.8759 

0.1234 

0.8846 

8.02 

9.50 

0.1428 

0.0321 

0.1464 

12.68 

0.8766 

0.1227 

0.8852 

7.97 

9.55 

0. 1430 

0.0320 

0.1465 

12.61 

0.8773 

0.1221 

0.8857 

7192 

9.60 

0. 1432 

0.0318 

0.1467 

12.53 

0.8779 

0.1215 

0.8863 

7:88 

9.65 

0. 1433 

0.0317 

0.1468 

12.46 

0.8786 

0.1206 

0.6868 

7.83 

9.70 

0.1435 

0.0315 

0. 1469 

12.30 

0.8792 

0.1202 

0.8874 

7.79 

0.75 

0.1437 

0.0314 

0;1471 

12.32 

0.8798 

0.1196 

0.8870 

7.74 

9.80 

0. 1439 

0.0312 

0.1472 

12.24 

0.8804 

0.1190 

0.8884 

7:70 

9.85 

0. 1440 

0.0311 

0.1474 

12.17 

0.8811 

0.1184 

0’8890 

7:65 

9.00 

0, 1442 

0.0309 

0.1475 

12.10 

0.8817 

0.1178 

018895 

7:61 

9.95 

0.1444 

0.0308 

0.1476 

0.8823 

0.1172 

0.8900 

7,57 

10.00 

0.1445 

0.0306 

0.1478 

0.8829 

0.1166 

0.8005 

7,52 
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A's-2.0 


o.so 


/-  <r* 


flEAL  tMAG. 


I 

X 


-V 


REAL 


tMA6. 


MOOJUJSX  ' 


1.00 

1.05 

1.10 

1.15 

1.20 

1.25 

1.30 

1.35 

1.40 

1.45 

1.50 

1.55 
1.60 

1.65 

1.70 

1.75  , 
1.80 

1.85 

1.90 

1.95 

2.00 

2.05 

2.10 

2.15 

2.20 

2.25 

2.30 

2.35 

2.40 

2.45 

2.50 

2.55 
2.60 

2.65 

2.70 

2.75 
2.80 

2.85 

2.90 

2.95 

3.00 

3.05 

3.10 

3.15 

3.20 

3.25 

3.30 

3.35 

3.40 

3.45 

3.50 

3.55 

3.60 

3.65 

3.70 

3.76 

3.60 

3.85 

3.90 

3.95 


1.0083 

1.0100 

1.0118 

1.0138 

1.0160 

1.0184 

1.0209 

1.0236 

1.0264 

1.0293 

1.0322 

1.0352 

1.0382 

1.0412 

1.0442 

1.0470 

1.0498 

1,0525 

1.0550 

1.0574 

1.0597 

1.0618 

1.0638 

1.0656 

1.0673 

1.0688 

1.0702 

1.0715 

1.0726 

1.0736 

1.0744 

1.0752 

1.0758 

1.0764 

1.0768 

1.0771 

1.0774 

1.0776 

1.0776 

1.0776 

1.0776 

1.0774 

1.0772 

1.0770 

1.0766 

1.0762 

1.0758 

1.0753 

1.0747 

1.0742 

1.0735 

1.0728 

1.0721 

1.0713 

1.0705 


1.0697 

1.0688 

1.0879 

1.0670 

1.0660 


5.9763 

5.4166 

4.9312 

4.5077 

4.1358 

■3.8076 

■3.5165 

.3.2572 

-3.0253 

-2.8171 

-2,6295 

2.4599 

2.3062 

■2.1665 

-2.0392 

-1.9229 

-1.8164 

-1.7187 

-1.6289 

-1.5461 

-1.4697 

-1.3991 

-1.3336 

-1.2729 

-1.2165 

-1.1640 

-1.1150 

-1.0693 

-1.0265 

-0.9865 

-0.9490 

-0.9138 

-0.8808 

-0.8497 

-0.8204 

-0.7928 

-0.7667 

-0.7421 

-0.7189 

-0.6969 

-0.6760 

-0.6563 

-0.8375 

-0.6197 

-0.6028 

-0.5867 

-0.5714 

-0.5568 

-0.5429 

-0.5297 

-0.5170 

-0.5049 

-0.4934 

-0.4823 

-0.4717 

-0.4616 

-0.4519 

-0.4425 

-0.4336 

-0.4250 


0.5319 

0.5539 

0.5752 

0.5958 

0.6158 

0.6350 

0.6535 

0.6713 

0.6883 

0.7046 

0.7201 

0.7348 

0.7488 

0.7619 

0.7744 

0.7881 

0.7971 

0.8074 

0.8171 

0.8261 

0.8345 

0.8424 

0.8498 

0.8566 

0.8630 

0.8689 

0.8744 

0.8796 

0.8844 

0.8888 

0.8930 

0.8969 

0.9005 

0.9039 

0.9071 

0.9101 

0.9129 

0.9156 

0.9180 

0.9204 

0.9226 

0.9247 

0.9267 

0.9286 

0.9304 

0.9321 
0.9337 
0.9353 
0.9368 
0.9383 

0,9397 
0.9410 
0.9423 
0.9436 
0.9448 

0.9460 
0.9472 
0.9483 
0.9494 
0.9505 


5.3119 

5.2199 

5.1249 

5.0270 

4.9265 

4.8235 

4.7185 

4.6116 

4.5032 

4.3937 

4.2834 

4.1727 

4.0619 

3.9514 

3.8417 

3.7330 

3.6257 

3.5201 

3.4164 

3.3149 

! 

3.2158 

3.1192 

3.0254 

2.9343 

2.8460 

2.7607 

2.6783 

2.5988 

2.5222 

2.4484 

2.3775 

2.3094 

2.2439 

2.1811 

2.1208 

2.0829 

2.0075 

1.9543 

1.9034 

1.8545 

1.8077 

1.7629 

1.7199 

1.8787 

1.6392 

1.6014 

1.5651 

1.5303 

1.4969 

1.4649 

1.4342 

1.4047 

1.3763 

1.3491 

1.3229 

1.2978 

1.2736 

1.2503 

1.2279 

1.2063 


0.0049 

0.0054 

0.0069 

0.0066 

0.0073 

0.0080 

0.0089 

0.0099 

0.0111 

0.0124 

0.0138 

0.0154 

0.0172 

0.0192 

0.0215 

0.0239 

0.0266 

0.0296 

0.0328 

0.0363 

0.0401 

0.0442 

0.0485 

0.0532 

0.0581 

0.0032 

0.0687 

0.0744 

0.0803 

0.0864 

0.0928 

0.0993 

0.1080 

0.1129 

0.1199 

0.1271 

0.1343 

0.1417 

0.1491 

0.1565 

0.1840 

0.1716 

0.1791 

0.1866 

0.1941 

0.2016 

0.2091 

0.2165 

0.2238 

0.2311 

0.2383 

0.2454 

0.2525 

0.2595 

0.2664 

0.2731 

0.2798 

0.2864 

0.2929 

0.2993 


1.0045 

1.0052 

1.0061 

1.0069 

1.0078 

1.0087 

1.0095 

1.0103 

1.0109 

1.0115 

1.0118 

1.0120 

1.0119 

1.0116 

1.0111 

1.0103 

1.0092 

1.0079 

1.0063 

1.0045 

1.0025 

1.0004 

0.9981 

0.9966 

0.9931 

0.9905 

0.9879 

0.9852 

0.9825 

0.9798 

0.9771 

0.9745 

0.9719 

0.9694 

0.9670 

0.9646 

0.9623 

0.9801 

0.9579 

0.9558 

0.9538 

0.9519 

0.9501 

0.9483 

0.9466 

0.9450 

0.9435 

0.9420 

0.9405 

0.9392 


■0.0022 

0.0029 

0.0037 

0.0047 

■0.0059 

-0.0073 

-0.0089 

-0.0107 

0.0127 

0.0149 

0.0172 

■0.0198 

-0.0224 

-0.0252 

-0.0280 

■0.0309 

■0.0337 

■0.0365 

■0.0392 

-0.0418 

-0.0443 

-0.0466 

-0.0488 

-0.0507 

-0.0525 

-0.0541 

-0.0555 

-0.0667 

-0.0678 

-0.0586 

-0.0593 

-0.0599 

-0.0603 

-0.0606 

-0.0608 

-0.0608 

-0.0608 

-0.0607 

-0.0605 

-0.0602 


0.9379 

0.9366 

0.9354 

0.9342 

0.9331 

0.9321 

0.9310 

0.0300 

0.9291 

0.9282 


0.0599 

-0.0596 

-0.0592 

0.0687 

-0.0583 

-0.0578 

-0.0572 

-0.0567 

-0.0562 

-0.0556 

-0.0551 

-0.0545 

-0.0539 

-0.0534 

-0.0528 

-0.0523 

-0.0517 

-0.0512 

-0.0507 

-0.0501 


.0045 

.0053 

1.0061 

1.0070 

1.0078 

1.0087 

1.0096 

1.0103 

1.0110 

1.0116 

1.0120 

1.0122 

1.0122 

1.0119 

1.0115 

1.0107 

1.0097 

1.0085 

1.0071 

1.0054 

i.0035 

1.0015 

0.9993 

0.9969 

0.9945 

0.9920 

0.9894 

0.9868 

0.9842 

0.9816 

0.9789 

0.9764 

0.9738 

0.9713 

0.9689 

0.9685 

0.9842 

0.9620 

0.9598 

0.9677 

0.9557 

0.9538 

0.9519 

0.9501 

0.9484 

0.9468 

0.9452 

0.9437 

0.9422 

0.9408 

0.9395 

0.9382 

0.9370 

0.9358 

0.9346 

0.9335 

0.9325 

0.9314 

0.9305 

0.9295 


359.88 
359.84 
359.79 

359.73 
359.67 

359.59 

359.50 

359.40 
359.28 
359.16 

359.02 

358.88 

358.73 

358.57 

358.41 

358.25 

358.09 

357.92 

367.77 
357.61 

357.47 
357.33 
357.20 
357.08 
356.97 

356.87 

356.78 
356.70 
356.63 

356.57 

356.52 

356.48 

356.45 

356.42 
356.40 

356.39 

356.38 

356.38 

356.39 

356.39 

356.40 

356.42 
356.44 

356.46 

356.48 

356.50 
356.53 
356.55 

356.58 
356.61 

356.64 
356.67 
356.70 

356.73 
356.76 


366.79 

356.82 

356.85 

356.88 

356.91 


WADC  TR  66-614 


A-106 


-0.0025 

-0,0004 

0.0019 

0.0044 

0.0069 

0.0095 

0.0121 

0.0148 

0.0175 

0,0202 

0.0229 

0.0255 

0.0281 

0.0306 

0.0330 

0.0354 

0.0377 

0.0399 

0.0421 

0.0442 

0.0462 

0.0481 

0.0499 

0.0517 

0.0534 

0.0550 

0.0565 

0.0580 

0.0595 

0.0808 

0.0621 

0.0634 

0.0646 

0.0658 

0.0669 

0.0679 

0.0690 

0.0700 

0.0709 


Wa'mm 


0.0022 

0.0029 

0.0087 

0.0047 

0.0059 

0.0073 

0.0089 

0.0107 

0.0127 

0.0149 

0.0172 

0.0198 

0.0224 

0.0252 

0.0280 

0.0309 

0.0337 

0.0365 

0.0392 

0.0418 

0.0443 

0.0466 

0.0488 

0.0507 

0.0525 

0.0541 

0.0555 

0.0567 

0.0578 

0.0586 

0.0593 

0.0599 

0.0603 

0.0606 

0.0608 

0.0608 

0.0608 

0,0807 

0.0605 

0.0602 

0.0599 

0.0596 

0.0592 

0.0587 

0.0583 

0,0578 

0.0572 

0.0567 

0.0562 

0.0556 

0.0551 

0.0545 

0.0539 

0.0534 

0.0528 

0.0523 

0.0517 

0.0512 

0.0507 

0.0501 


0.0209 

0.0231 

0.0254 

0.0277 

0.0301 

0.0325 

0.0350 

0.0374 

0.0397 

0.0421 

0.0444 

0,0466 

0.0488 

0.0509 

0.0530 

0.0549 

0.0568 

0.0586 

0.0604 

0.0620 

0.0636 

0.0851 

0.0665 

0.0679 

0.0692 

0.0704 

0.0715 

0.0727 

0,0737 

0.0747 

0.0756 

0.0765 

0.0774 

0.0782 

0.0790 


0.0824 

0.0830 


154.03 

151.44 

148.74 
145.95 
143.08 

140.11 

137.08 

133.99 

130.84 

127.65 

124.44 
121.21 
117.97 

114.75 
111.54 

108.37 

105.24 

102.16 

99.13 

96.18 


52.40 
51.10 
49.85 
48.65 
47.51 

46.41 
45.35 
44.34 
43.37 
42.44 


0.0161 

0.0197 

0.0239 

0.0287 

0.0342 

0.0405 

0.0476 

0.0556 

0.0645 

0.0744 

0.0852 

0.0970 

0.1098 

0.1235 

0.1381 

0.1536 

0.1697 

0.1865 

0.2038 

0.2215 

0.2305 

0.2578 

0.2761 

0.2944 

0.3125 

0.3305 

0.3482 

0.3655 

0.3825 

0.3990 

0.4150 

0.4305 

0.4454 

0.4599 

0.4737 

0.4870 

0.4998 

0.5120 

0.5237 

0.5349 

0.5456 

0.5558 

0.5655 

0.5748 

0.5837 

0.5022 

0.6003 

0.6080 

0.6154 

0.6225 

0.6292 

0.6357 

0.6410 

0.6478 

0.6535 

0.6500 

0.6643 

0,6693 

0.6742 

0.6789 


0.1242 

0.1367 

0.1496 

0.1631 

0.1769 

0.1911 

0.2056 

0,2202 

0.2350 

0.2407 

0.2644 

0.2788 

0.2028 

0.3064 

0.3194 

0.3317 

0.3432 

0.3539 

0.3636 

0.3723 

0.3801 

0.3868 

0.3925 

0,3972 

0.4000 

0.4037 

0.4056 

0.4067 

0.4071 

0.4067 

0.4057 

0.4041 

0.4020 

0.3995 

0.3965 

0.3032 

0.3897 

0.3858 

0.3818 

0.3778 

0.3733 

0.3688 

0.3643 

0.3598 

0.3552 

0.3506 

0.3461 

0.3415 

0.3370 

0.3326 

0.3282 

0.3239 

0.3196 

0.3154 

0.3113 

0.3073 

0.3034 

0.2906 

0.2058 

0.2921 


0.1252 

0.1381 

0.1515 

0.1656 

0.1802 

0.1053 

0.2110 

0.2271 

0.2437 

0.2606 

0.2778 

0.2952 

0.3128 

0.3304 

0.3480 

0.3655 

0.3820 

0.4000 

0.4168 

0.4332 

0.4492 

0.4648 

0.4798 

0.4944 

0.5083 


0.5346 

0.5468 

0.5586 

0.5607 

0.5803 

0.5904 

0.6000 

0.6091 

0.6178 

0.6260 

0.6337 

0.8411 

0.6481 

0.6548 

0.6611 

0.6670 

0.6727 

0.6781 

0.6833 

0.6882 

0.6929 

0.6974 

0.7017 

0.7058 

0.7097 

0.7135 

0.7171 

0.7206 

0.7239 


25.00 


VADC  TR  56-614 


A-107 


■-  0.50 


r  X 


1.0651 

1.0640 

1.0630 

1,0620 

1.0600 

1.0508 

1.0587 

1.0570 

1.0564 

1.0553 

1.0541 

1.0530 

1.0518 

1.0506 

1.0404 


1.0446 

1.0434 

1.0422 

1.0410 

1.0308 

1.0386 

1.0375 

1.0363 

1.0351 

1.0330 

1.0328 

1.0316 

1.0304 

1.0203 

1.0282 

1.0270 

1.0250 

1.0248 

1.0237 

1.0226 

1.0215 

1.0205 

1.0104 

1.0183 

1.0173 

1.0163 

1.0153 

1.0142 

1.0132 

1.0123 

1.0113 

1.0103 

1.0004 

1.0084 

1.0075 

1.0066 

1.0056 


1.0047 


-0.4167 

-0.4088 

-0.4011 

-0.3038 

-0.3867 

-0.3708 

-0.3732 

-0.3660 

-0.3607 

-0.3548 

-0.3400 

-0.3434 

-0.3380 

-0.3328 

-0.3277 

-0.3228 

-0.3181 

-0.3134 

-0.3080 

-0.3046 

-0.3003 

-0.2062 

-0.2022 

-0.2882 

-0.2844 

-0.2807 

-0.2771 

-0.2736 

-0.2701 

•0.2667 

-0.2635 

-0.2603 

-0.2571 

-0.2541 

-0.2511 

-0.3481 

-0.2453 

•0.3425 

-0.2308 

-0.2371 

-0.3345 

-0.2310 

-0.2204 

-0.2260 

-0.2245 

-0.2221 

-0.2108 

•0.2175 

-0.2153 

-0.2131 

-0.2110 

-0.2080 

-0.2068 

-0.2048 

-0.2028 


0.0516 

0.0526 

0.0536 

0.0546 

0.0550 

0.0506 

0.0576 

0.0585 

0.0504 

0.0603 

0.0612 

0.0621 

0.0630 

0.0630 

0.0648 

0.0656 

0.0664 

0.0673 

0.0681 

0.0680 

0.0607 

0.0705 

0.0713 

0.0721 

0.0728 

0.0736 

0.0744 

0.0751 

0.0758 

0.0766 


0.0808 


1.0278 

1.0131 


0.0456 


0.6800 

0.6737 

0.6675 

0.6615 

0.6555 

0.6406 

0.6439 

0.6382 

0.6327 

0.6272 

0.6210 

0.8166 

0.6114 

0.6063 

0.6013 


0.3056 

0.3118 

0.3170 

0.3230 

0.3208 

0.3356 

0.3413 

0.3460 

0.3524 

0.3578 

0.3631 

0.3683 

0.3735 

0.3786 

0.3835 

0.3884 

0.3033 

0.3080 

0.4027 

0.4073 

0.4118 

0.4163 

0.4207 

0.4250 

0.4203 

0.4335 

0.4376 

0.4417 

0.4457 

0.4407 

0.4536 

0.4575 

0.4613 

0.4650 

0.4688 

0.4724 

0.4760 

0.4790 

0.4831 

0.4866 

0.4001 

0.4935 

0.4968 

0.5001 

0.5034 

0.5066 

0.5008 

0.5130 

0.5161 

0.5102 

0.5222 

0.5252 

0.5262 

0.5312 

0.5341 

0.5369 

0.5398 

0.5426 

0.5454 

0.5481 


0.0273 

0.0204 

0.0256 

0.9248 

0.9240 

0.9233 

0,9225 

0.9218 

0.9212 

0.0205 

0.9108 

0.9192 

0.0186 

0.0180 

0.9174 

0.9168 

0.9163 

0.9158 

0.9152 

0.9147 


0.9142 
0.9 
0.9 

0.9 


0. 

0. 

0. 

0. 

0.0016 


0. 

0. 

0. 

0. 

0.0003 


-0.0406 

-0.0491 

-0.0486 

-0.0481 

-0.0476 

-0.0472 

-0.0467 

-0.0462 

-0.0458 

-0.0454 

-0.0449 

-0.0445 

-0.0441 

-0.0437 

-0.0433 

-0.0429 

-0.0425 

-0.0422 

-0.0418 

-0.0414 

-0.0411 

-0.0407 

-0.0404 

-0.0401 

-0.0397 

-0.0304 

-0.0301 

-0.0388 

-0.0385 

-0.0382 

-0.0379 

-0.0376 

-0.0373 

-0.0370 

-0.0368 

-0.0365 

-0.0362 

-0.0359 

-0.0357 

-0.0354 

•0.0352 

-0.0349 

-0.0347 

-0.0344 

-0.0342 

-0.0330 

-0.0337 

-0.0335 

-0.0333 

-0.0330 

-0.0328 
-0.0326 
-0.0324 
-0.0322 
-0.0310  I 

-0.0317 

•0.0315 

-0.0313 

-0.0311 

-0.0300 


MOOMJJS 


0.9286 

0.9277 

0.9269 

0.0260 

0.0252 

0.0245 

0.0237 

0.9230 

0.9223 

0.0216 

0.9209 

0.9203 

0.0197 

0.0190 

0.9184 


0.9179 

0.9173 


0.0105 

0.0101 


356.04 

356.97 

356.99 

357.02 

357.05 

357.08 

357.10 

357.13 

357.15 

357.18 

357.20 

357.23 

357.25 

357.28 

357.30 

357.32 

357.34 

857.36 

357.30 

357.41 

357.43 

357.45 

357.47 

857.49 

357.51 

357.52 
357.54 
357.56 
357.58 

357.60 

857.61 
357.63 
357.65 

857.67 

357.68 

857.70 

857.71 
357.73 
357.76 
357.76 

357.78 

857.79 

357.81 

857.82 

857.84 

857.85 

357.86 
357.88 

357.80 

357.91 

357.92 
357.03 
357.05 

357.96 

357.97 

357.98 
358.00 
358.01 
358.02 
358.03 


WADC  TR  66-614 


A-108 


-2 


50 


.0 


<ra  0. 


4.00 

4.05 

4.10 

4.15 

4.20 

4.25 

4.30 

4.35 

4.40 

4.45 

4.50 

4.55 

4.60 

4.65 

4.70 

4.76 

4.80 

4.85 

4.00 

4.95 


5.00 
5.05 
5.10 
5.15 
5.20 

5.25 

5.30 

5.35 

5.40 

5.46 

5.50 

5.55 

5.60 

5.65 

5.70 

5.76 

5.80 

5.85 

5.90 

5.95 

6.00 

6.05 

6.10 

6.15 

6.20 

6.25 

6.30 

6.35 

6.40 

6.45 

6.50 

6.55 

6.60 

6.65 

6.70 

6.75 

6.80 

6.85 

6.90 

6.95 


REAL 


0.0727 

0.0736 

0.0744 

0.0752 

0.0760 

0.0767 

0.0775 

0.0782 

0.0788 

0.0795 

0.0802 

0.0808 

0.0814 

0.0820 

0.0826 

0.0832 

0.0837 

0.0842 

0.0848 

0.0853 

0.0858 

0.0863 

0.0868 

0.0873 

0.0877 

0.0882 

0.0886 

0.0891 

0.0695 

0.0899 

0.0903 

0.0907 

0.0911 

0.0915 

0.0919 

0.0923 
0.0926 
0.0930 
0.0934 
0.0937 

0.0941 
0.0944 
0.0947 
0.0951 
0.0954 


0.0957 

0.0960 

0.0963 

0.0966 

0.0969 

0.0972 

0.0975 

0.0978 

0.0981 

0.0984 

0.0986 

0.0989 

0.0992 

0.0994 

0.0997 


l*VF,o 


/MAG. 

1  WfifiWlA  WSLEM 

REAL 

/MAG. 

MODULUS 

~h/ASE 

0.0496 

0.0491 

0.0486 

0.0481 

0.0476 

0.0880 

0.0885 

0.0889 

0.0893 

0.0897 

34.30 

33.72 

33.15 

32.61 

32.08 

0.6834 

0.6878 

0.6920 

0.6961 

0.7000 

0.2886 

0.2851 

0.2817 

0.2783 

0.2751 

0.7418 

0.7445 

0.7471 

0.7497 

0.7521 

22.89 
22.51 
22.15 
21  79 
21.45 

0.0472 

0.0467 

0.0462 

0.0458 

0.0454 

0.0901 

0.0904 

0.0908 

0.0912 

0.0915 

31.57 

31.08 

30.60 

30.14 

29.70 

0.7030 

0.7076 

0.7112 

0.7147 

0.7181 

0.2719 

0.2688 

0.2658 

0.2629 

0.2600 

0.7548 

0.7569 

0.7592 

0.7615 

0.7637 

21.12 

20.80 

20.49 

20.20 

19.91 

0.0449 

0.0445 

0.0441 

0.0437 

0.0433 

0.0919 

0.0922 

0.0926 

0,0929 

0.0932 

29.27 

28.85 

28.44 

28.05 

27.67 

0.7214 

0.7246 

0.7277 

0.7308 

0.7338 

0,2572 

0.2545 

0.2518 

0.2492 

0.2467 

0.7659 

0.7680 

0.7701 

0.7721 

0,7741 

19.62 

19.35 

19.09 

18.83 

18.58 

0.0429 

0.0425 

0.0422 

0.0418 

0.0414 

0.0936 

0.0939 

0.0942 

0.0945 

0.0948 

27.30 

26.93 

26.58 

26.24 

25.91 

0.7367 

0.7395 

0.7423 

0.7450 

0.7476 

0.2442 

0.2417 

0.2394 

0.2370 

0.2348 

0.7761 

0,7780 

0.7799 

0.7818 

0.7836 

18.34 

16.10 

17.87 

17.65 

17.43 

0.0411 

0.0407 

0.0404 

0.0401 

0.0397 

0.0951 

0.0954 

0.0957 

0.0960 

0.0963 

25.59 

25.27 

24.06 

24.66 

24.37 

0.7502 

0.7528 

0.7553 

0.7577 

0.7601 

0.2325 

0.2304 

0.2282 

0.2261 

0.2241 

0.7855 

0.7872 

0.7890 

0.7907 

0.7924 

17.22 

17.01 

16.81 

16.62 

16.43 

0.0394 

0.0391 

0.0388 

0.0385 

0.0382 

0.0966 

0.0969 

0.0971 

0.0974 

0.0977 

24.09 

23.81 

23.54 

23.27 

23.01 

0.7624 

0.7647 

0.7670 

0.7692 

0.7714 

0.2221 

0.2201 

0.2182 

0.2163 

0.2144 

0.7941 

0.7958 

0.7974 

0.7990 

0.8006 

16.24 

16.06 

15.88 

15.70 

15.53 

0.0379 

0.0376 

0.0373 

0.0370 

0.0368 

0.0979 

0.0982 

0.0985 

0.0987 

0.0990 

22.76 

22.51 

22.27 

22.03 

21.80 

0.7735 

0.7756 

0.7776 

0.7797 

0.7816 

0.2128 

0.2108 

0.2090 

0.2073 

0.2056 

0.8022 

0.8037 

0.8052 

0.8067 

0.8082 

15.37 

15.20 

15.04 

14.89 

14.73 

0.0365 

0.0362 

0.0359 

0.0357 

0.0354 

0.0992 

0.0995 

0.0997 

0.1000 

0.1002 

21.57 

21.35 

21.13 

20.92 

20.71 

0.7836 

0.7855 

0.7874 

0.7892 

0.7910 

0.2039 

0.2022 

0.2006 

0.1990 

0.1974 

0.8097 

0.8111 

0.8125 

0.8139 

0.8153 

14.58 

14.44 

14.29 

14.15 

14.01 

0.0352 

0.0349 

0.0347 

0.0344 

0.0342 

0. 1004 
0.1007 
0.1009 
0.1011 

0, 1013 

20.50 

20.30 

20.10 

10.91 

19.72 

0.7928 

0.7946 

0.7963 

0.7980 

0.7997 

0.1959 

0.1944 

0.1929 

0.1914 

0.1899 

0.8167 

0.8180 

0.8193 

0.8206 

0.8219 

13.88 

13.74 

13.61 

13.49 

13.36 

0.0339 

0.0337 

0.0335 

0.0333 

0.0330 

0. 1016 
0.1018 
0.1020 
0.1022 
0.1024 

19.53 

19.35 

19.17 

18.99 

18.82 

0.8013 

0.8030 

0.8045 

0.8061 

0.8077 

0.1885 

0.1871 

0.1857 

0. 1843 
0.1830 

0.8232 

0.8245 

0,8257 

0.8269 

0.8281 

13.24 

13.11 

13.00 

12.88 

12.76 

0.0328 

0.0326 

0.0324 

0.0322 

0.0319 

0. 1026 
0.1028 
0.1030 
0.1032 

0. 1034 

18.64 

18.48 

18.31 

18.15 

17.99 

0.8092 

0.8107 

0.8121 

0.8136 

0.8150 

0.1816 

0.1803 

0.1790 

0.1777 

0. 1765 

0.8293 

0.8305 

0.8316 

0.8328 

0.8339 

12.65 

12.54 

12.43 

12.32 

12.22 

0.0317 

0.0315 

0.0313 

0.0311 

0.0309 

0. 1036 
0.1038 
0.1040 
0.1042 
).1044 

17.83 

17.68 

17.53 

17.38 

17.23 

0.8164 

0.8178 

0.8192 

0.8205 

0.8218 

0.1752 

0.1740 

0.1728 

0.1716 

0.1704 

0,8350 

0.8361 

0.8372 

0.6383 

0.8393 

12.11 

12.01 

11.91 

11.81 

11,71 
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1.0004 

0.9BB5 

0.9987 

0.9978 

0.9970 

0.9962 

0.9954 

0.9946 

0.9938 

0.9931 

0.9923 

0.9916 

0.9908 

0.9901 

0.9893 

0.9886 

0.9879 

0.9872 

0.986S 

0.9858 

0.9851 

0.9844 

0.9838 

0.9831 

0.9824 

0.9818 

0.9811 

0.9805 

0.9799 

0,9793 

0.9786 

0.9780 

0.9774 

0.9768 

0,9762 

0.9758 

0.9751 

0.9745 

0.9739 

0.9734 

0.9728 

0.9722 

0.9717 

0.9712 

0.9706 

0.9701 

0.9696 

0.9690 

0,9685 

0.9880 

0.9675 

0.9670 

0.9665 

0.9660 

0.9655 

0.9650 

0.9646 

0.9641 

0.9636 

0.9632 


.0.1916 

-0.1899 

-0.1881 

-0.1865 

-0.1848 

-0.1832 

-0.1816 

-0.1800 

-0.1784 

-0.1769 

-0.1754 

-0.1739 

-0.1725 

-0.1710 

-0.1696 


-0.1616 
-0.1604 
-0.1591 
-0. 1579 
-0.1567 

-0.1555 

-0.1543 

-0.1532 

-0.1520 

-0.1509 

-0.1498 

-0.1487 

-0.1477 

-0.1466 

-0.1456 

-0.1445 

-0.1435 

-0.1425 

-0.1415 

-0.1405 

-0.1396 

-0.1386 

-0.1377 

-0.1368 

-0.1359 

-0.1350 

-0.1341 

-0.1332 

-0.1323 

-0.1315 

-0.1306 
-0.1298 
-0.1290 
-0.1282 
-0. 1274 

-0.1266 

-0.1258 

-0.1250 

-0.1242 

-0.1235 


1.0013 

1.0017 


1.0042 

1.0046 


1.0053 

1.0057 

1.0061 

1.0065 

1.0068 

1.0072 

1.0076 

1.0079 

1.0083 

1.0086 

1.0090 

1.0093 

1.0097 

1.0100 

1.0103 

1.0107 

1.0110 

1.0113 

1.0116 


1.0129 

1.0132 

1.0135 

1.0136 

1.0141 

1.0144 

1.0146 

1.0149 

1.0152 

1.0155 

1.0156 

1.0161 

1.0163 

1.0186 

1.0169 


0.5963 

0.5915 

0.5867 

0.5820 

0.5773 

0.5728 

0.5683 

0.5639 

0.5595 

0.5552 

0.5510 

0.5468 

0.5427 

0.5387 

0.6347 

0.5308 

0.5269 

0.5231 

0.5194 

0.5157 

0.5120 

0.5084 

0.5049 

0.5014 

0.4979 

0.4945 

0.4912 

0.4878 

0.4848 

0.4813 

0.4782 

0.4750 

0.4719 

0.4689 

0.4658 

0.4628 

0.4599 

0.4570 

0.4541 

0.4513 

0.4485 

0.4457 

0.4430 

0.4403 

0.4376 

0.4350 

0.4324 

0.4298 

0.4273 

0.4247 

0.4223 

0.4198 

0.4174 

0.4150 

0.4126 

0.4103 

0.4079 

0.4057 

0.4034 

0.4011 


0.5508 

0.5535 

0.5562 

0.5588 

0.5614 

0.5640 

0.5665 

0.5690 

0.5715 

0.5739 

0.5764 

0.5788 

0.5812 

0.5835 

0.5858 

0.5881 

0.5904 

0.5927 

0.5949 

0.5971 

0.5993 

0.6014 

0.8036 

0.6057 

0.6078 

0.6099 

0.6119 

0.6140 

0.8160 

0.8180 

0.8199 

0.6219 

0.8238 

0.6257 

0.6276 

0.6295 

0.6313 

0.6332 

0.6350 

0.6368 

0.6386 

0.6404 

0.6421 

0.6439 

0.6456 

0.6473 

0.6490 

0.6506 

0.6523 

0.6539 

0.6556 

0.6572 

0.6588 

0.6604 

0.6619 

0.8635 

0.6650 

0.6665 

0.6681 

0.6696 


-0.1227  1.0171  0.3989 


0.9001 

0.8998 

0.8996 

0.8993 

0.8991 

0,8989 

0.8986 

0,8984 

0,8982 

0.8980 

0.8977 

0.8975 

0.8973 

0.8971 

0.8969 

0.8967 

0.8965 

0.8963 

0.8961 

0.8959 

0.8957 

0.8955 

0.8953 

0.8952 

0.8950 

0.8948 

0.8946 

0.8944 

0.8943 

0.8941 

0.8939 

0.8938 

0.8936 

0.8934 

0.8933 

0.8931 

0.8930 

0.8928 

0.8927 

0.8925 

0,8924 

0.8922 

0.8921 

0.8919 

0.8918 

0.8916 

0.8915 

0.8914 

0.8912 

0.8911 

0.8910 

0.8908 

0.8907 

0.8906 

0.8904 

0.8903 

0.8902 

0.8901 

0.8899 

0.8898 

0.8887 


-0.0307 

-0.0305 

-0.0303 

-0.0301 

-0.0300 

-0.0298 

-0.0296 

-0.0294 

-0.0292 

-0.0291 

-0.0289 

-0.0287 

-0.0285 

-0.0284 

-0.0282 

-0.0280 

-0.0279 

-0.0277 

-0.0276 

-0.0274 

-0.0272 


-0.0236 

-0.0235 

-0.0234 


0.8963 


0.8961 

0.8959 

0.8957 

0.8956 

0,8954 

0.8952 

0.8950 

0.8948 

0.8947 

0.8945 

0.8943 

0.8941 

0.8940 

0.8938 

0.8936 

0.8935 

0,8933 

0.8932 

0.8930 

0.8928 

0.8927 

0.8925 

0.8924 

0.8922 

0.8921 

0.8920 

0.8918 

0.8917 

.8915 


0.8913 

0.8911 

0.8910 

0.8909 

0.8907 

0.8906 

0.8905 

0.8903 

0.8902 

0.8901 


358.04 

358.06 

358.07 

358.08 

358.09 

358.10 

358.11 

358.12 

358.14 

358.15 

358.16 

358.17 

358.18 

858.19 

358.20 

358.21 

358.22 

858.23 

358.24 

358.25 

358.26 

358.27 

858.28 

358.29 

858.30 

858.80 

358.31 
358.82 

358.33 

358.34 

358.35 

358.36 
358.87 

358.37 

358.38 

358.39 

358.40 

358.41 

358.41 

358.42 

358.43 

358.44 

358.45 

358.45 

358.46 

358.47 

358.48 

358.48 

358.49 

358.50 

358.50 

358.51 

358.52 

358.53 

358.53 

358.54 

358.55 

358.55 

358.56 

358.57 

358.57 
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a 

REAL 

IMAG. 

MODULUS 

WMiUiiii 

.  REAL 

IMAG. 

MODULUS 

\WSIE^ 

7.00 

0.0999 

0.0307 

0.1045 

17.09 

0.8231 

0.1693 

0.8404 

11.62 

0.1002 

0.0305 

0.1047 

16.95 

0.8244 

0.1681 

0.8414 

11.52 

0.1004 

0.0303 

0.1049 

16.81 

0.8257 

0.1670 

0.8424 

11.43 

7.15 

0.1007 

0.0301 

0.1051 

16.67 

0.8289 

0.1659 

0.8434 

11.34 

0.1009 

0.0300 

0.1053 

16.54 

0.8282 

0.1648 

0.8444 

11.25 

7.25 

0,1011 

0.0298 

0.1054 

16.41 

0.8294 

0.1637 

0.8454 

11.16 

0. 1014 

0.0296 

0.1056 

16.27 

0.8306 

0.1626 

0.8463 

11.08 

7.35 

0.1016 

0.0294 

0.1058 

16.15 

0.8317 

0.1615 

0.8473 

10.99 

7.40 

0.1018 

0.0292 

0.1059 

16.02 

0.8329 

0.1605 

0.8482 

10.91 

7.45 

0.1020 

0,0291 

0. 1061 

15.89 

0.8340 

0.1594 

0.8491 

10.82 

7.60 

0. 1023 

0.0289 

0.1063 

15.77 

0.8352 

0.1584 

0.8501 

10.74 

7.55 

0.1025 

0.0287 

0.1064 

15.65 

0.8363 

0.1574 

0.8510 

10.66 

7.60 

0.1027 

0.0265 

0.1066 

15.53 

0.8374 

0.1564 

0.8519 

10.58 

7.65 

0.1029 

0.0284 

0.1067 

15.41 

0.8385 

0.1554 

0.8528 

10.50 

7.70 

0. 1031 

0.0282 

0.1069 

15.30 

0.8395 

0.1545 

0.8536 

10.43 

7.76 

0. 1033 

0.0280 

0.1070 

15.18 

0.6406 

0.1535 

0.8545 

10.35 

7.80 

O.IOSS 

0.0279 

0.1072 

15.07 

0.8416 

0.1526 

0.8554 

10.27 

7.85 

0.1037 

0.0277 

0.1073 

14.96 

0.8427 

0.1516 

0.8562 

10.20 

7.00 

0.1039 

0.0276 

0.1075 

14.85 

0.8437 

0.1507 

0.8570 

10.13 

7.85 

0.1041 

0.0274 

0.1076 

14.75 

0.8447 

0.1498 

0.8579 

10.06 

8.00 

0.1043 

0.0272 

0.1078 

14.64 

0.8457 

0.1489 

0.8587 

8,05 

0.1045 

0.0271 

0.1079 

14.53 

0.8466 

0.1480 

0.8595 

8.10 

0.1047 

0.0269 

0. 1081 

14.43 

0.8476 

0.1471 

0.8603 

8.15 

0. 1048 

0.0268 

0.1082 

14.33 

0.8486 

0. 1462 

0.8611 

8.20 

0.1050 

0.0266 

0.1083 

14.23 

0.8495 

0.1454 

0.8618 

8.25 

0. 1052 

0.0265 

0.1085 

14.13 

0.8504 

0.1445 

0.8626 

9.64 

8.30 

0.1054 

0.0263 

0.1086 

14.03 

0.6513 

0.1437 

0.8634 

9.58 

8,35 

0.1056 

0.0262 

0.1088 

13.94 

0.8522 

0.1428 

0.8641 

9.52 

8.40 

0. 1057 

0.0261 

0.1089 

13.84 

0.8531 

0.1420 

0.8649 

9.45 

8.45 

0.1059 

0.0259 

0.1090 

13.75 

0.8540 

0.1412 

0.8656 

9.39 

8,50 

0. 1061 

.0.0258 

0.1091 

13.66 

0.8549 

0.1404 

0.8663 

6.33 

8.55 

0. 1062 

0.0256 

0.1093 

18.57 

0.8557 

0.1396 

0.8671 

9.27 

8.60 

0.1064 

0.0255 

0.1094 

13.48 

0.8566 

0.1388 

0.8678 

9.21 

8.65 

0.1066 

0,0254 

0.1095 

13.39 

0.8574 

0.1381 

0.8685 

9.15 

8.70 

0. 1067 

0.0252 

0.1097 

13.30 

0.8583 

0.1373 

0.8692 

9.09 

8.75 

0.1069 

0.0251 

0.1098 

13.21 

0.8591 

0.1365 

0.8699 

9.03 

8.80 

0.1070 

0.0250 

0. 1099 

13.13 

0,8599 

0.1358 

0.8706 

8.97 

8.85 

0.1072 

0.0248 

0.1100 

13.04 

0.8607 

0.1350 

0.8712 

8.92 

8.90 

0,1073 

0.0247 

0.1101 

12.96 

0.8615 

0.1343 

0.8719 

8.86 

8.95 

0.1075 

0.0246 

0.1103 

12.88 

0.8623 

0.1336 

0.8726 

8.80 

9.00 

0.1076 

0.0245 

mrm 

12.80 

0.8631 

0.1328 

0.8732 

8.75 

9.05 

0.1078 

0.0243 

0.1105 

12.72 

0.8638 

0.1321 

0.8739 

8.70 

9.10 

0. 1079 

0.0242 

0.1106 

12.64 

0.8646 

0.1314 

0,8745 

8.64 

9.15 

0.1081 

0.0241 

E1EQ9 

12.56 

0.8653 

0.1307 

0.8752 

8.59 

9.20 

0.1082 

0,0240 

0.1108 

12.48 

0.8661 

0.1300 

0.8758 

8.54 

9.25 

0.1084 

0.0238 

0,1110 

12.41 

0.8668 

0.1294 

0.8764 

8,49 

9.30 

0.1085 

0.0237 

0.1111 

12.33 

0.8675 

0.1287 

0.8770 

8.44 

9.35 

0. 1086 

0.0236 

0.1112 

12.26 

0.8683 

0.1280 

0.8776 

8.39 

9.40 

0.1088 

0.0235 

0.1113 

12.18 

0.8690 

0.1274 

0.8782 

8.34 

9,45 

0. 1089 

0.0234 

0.1114 

12.11 

0.8697 

0.1267 

0,8788 

8.29 

0.1090 

0.0233 

0,1115 

12.04 

0.8704 

0,1260 

0.8794 

8.24 

8.55 

0.1092 

0.0231 

0.1116 

11.97 

0.8710 

0.1254 

0.8800 

8.19 

9.60 

0.0230 

0.1117 

11.90 

0.8717 

0.1248 

0.8806 

8.15 

9.65 

0.0229 

0.1118 

11.83 

0.8724 

0.1241 

0.8812 

8.10 

9.70 

0.0228 

0.1119 

11.76 

0.8731 

0.1235 

0.8818 

8.05 

9.75 

0.1097 

0.0227 

0.1120 

11.69 

0.8737 

0.1229 

0.8823 

8.01 

9.80 

0.1098 

0.0226 

11.63 

0.8744 

0. 1223 

0.8826 

7.96 

9.85 

0.1099 

0.0225 

11.56 

0.8750 

0.1217 

0.8834 

7.92 

msami 

0.1101 

0.0224 

0.1123 

11.49 

0.8767 

0.1211 

0.8840 

7,87 

0.85 

0.0223 

0.1124 

11.43 

0.8763 

0.1205 

0.8845 

7.83 

10.00 

0. 1103 

0.0222 

0.1125 

11.36 

0.8769 

0.1199 

0.8851 

7.79 
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1.0130 

1.0151 

1.0172 

1.0104 

1.0216 

1.0238 

1.0260 

1.0281 

1.0301 

1.0319 

1.0337 

1.0353 

1.0368 

1.0382 

1.0394 

1.0406 

1.0416 

1.0424 

1.0432 

1.0439 

1.0444 

1.0449 

1.0453 

1.0456 

1.0458 

1.0460 

1.0461 

1.0461 

1.0461 

1.0460 

1.0459 

1.0457 

1.0454 

1.0451 

1.0448 

1.0444 

1.0440 

1.0435 

1.0430 

1.0424 

1.0418 

1.0412 

1.0405 

1.0398 

1.0391 

1.0383 

1.0375 

1.0367 

1.0358 

1.0349 

1.0340 

1.0330 

1.0320 

1.0310 

1.0300 

1.0289 

1.0278 

1.0267 

1.0256 

1.0244 


-0.8169 

-0.7904 

-0.7653 

-0.7416 

-0.7191 


-0.6064 

-0.5908 

-0.5758 

-0.5615 

-0.5479 

-0.5349 

-0.5225 

-0.5100 

-0.4993 

-0.4884 

-0.4780 

-0.4680 

-0.4584 

-0.4492 

-0.4403 


0.5315 

0.5533 

0.5745 

0.5950 

0.6148 

0.6338 

0.6521 

0.6697 

0.6860 

0.7027 

0.7181 

0.7327 

0.7467 

0.7509 

0.7725 

0.7844 

0.7956 

0.8062 

0.8162 

0.8257 

0.8346 

0.8429 

0.8508 

0.8582 

0.8651 

0.8717 

0.8778 

0.8835 

0.8889 

0.8940 

0.8987 

0.9032 

0.9074 

0.9113 

0.9151 

0.9186 

0.9219 

0.9250 

0.9279 

0.9307 

0.9334 

0.9359 

0.9382 

0.9405 

0.9427 

0.9447 

0.9467 

0.9486 

0.9504 

0.9522 

0.9539 

0.9555 

0.9571 

0.9586 

0,9601 


5.3085 

5.2161 

5.1209 

5.0231 

4.9229 

4.8209 

4.7172 

4.6123 

4.5065 

4.4001 

4.2936 

4.1872 

4.0813 

3.9761 

3.8719 

3.7689 

3.6675 

3.6677 

3.4697 

3.3738 

3.2801 

3.1886 

3.0994 

3.0126 

2.9284 

2.8466 

2.7673 

2.6906 

2.6165 

2.5448 

2.4756 

2.4089 

2.3445 

2.2826 

2.2229 

2.1655 

2.1103 

2.0572 

2.0061 

1.9570 


1.9099 

1.8646 

1.8210 

1.7792 

1.7391 

1.7005 

1.6634 

1.6278 

1.5936 

1.5607 

1.5291 

1.4987 

1.4694 

1.4413 

1,4143 

1.3882 

1.3631 

1.3389 

1.3157 

1.2932 


-29- y 
t  X 


0.0049 

0.0054 

0.0060 

0.0066 

0.0073 

0.0081 

0.0089 

0.0099 

0.0110 

0.0123 

0.0137 

0.0152 

0.0169 

0.0188 

0.0208 

0.0231 

0.0255 

0.0282 

0.0311 

0.0343 

0.0376 

0.0412 

0.0451 

0.0492 

0.0535 

0.0580 

0.0628 

0.0678 

0.0731 

0.0785 

0.0841 

0.0899 

0.0959 

0.1020 

0.1083 

0.1147 

0.1212 

0.1278 

0.1345 

0.1413 

0.1481 

0.1550 

0.1619 

0.1688 

0.1757 

0.1826 

0.1895 

0.1964 

0.2032 

0.2100 

0.2167 

0.2234 

0.2301 

0.2366 

0.2431 

0.2405 

0.2559 

0.2621 

0.2683 

0.2744 


1.0036 

1.0040 

1.0044 

1.0048 

1.0051 

1.0053 

1.0054 

1.0055 

1.0053 

1.0051 

1.0047 

1.0042 


1.0028 

1.0020 

1.0010 

0.9999 

0.9988 

0.9975 

0.9962 

0.9949 

0.9935 

0.9921 

0.9906 

0.9892 

0.9877 

0.9863 

0.9848 

0.9834 

0.9820 

0.9806 

0.9793 

0.9780 

0.9767 

0.9755 

0.9743 

0.9782 

0.9721 

0.9710 

0.9700 

0.9690 

0.9681 

0.9672 

0.9663 

0.9655 

0.9647 

0.9639 

0.9632 

0.9625 

0.9618 

0.9611 

0.9605 

0.9599 

0.9594 

0.9586 

0.9583 

0.9578 

0.9573 

0.9568 

0.9563 


/MAG. 

MODUUJS 

-0.0028 

1.0036 

-0.0036 

1.0040 

-0.0045 

1.0044 

-0.0054 

1.0048 

-0.0066 

1.0051 

-0.0078 

1.0054 

-0.0091 

1.0055 

-0.0105 

1.0055 

-0.0119 

1.0054 

-0.0134 

1.0052 

-0.0149 

1.0048 

-0.0164 

1.0044 

-0.0179 

1.0037 

-0.0194 

1.0030 

1.0022 

-0.0222 

1.0012 

-0.0235 

1.0002 

-0.0247 

0.9991 

-0.0258 

0.9979 

-0.0269 

0.9966 

-0.0279 

0.9953 

-0.0288 

0.9939 

-0.0296 

0.9925 

-O.OSOS 

0.9911 

-0.0309 

0.9697 

-0.0314 

0.9882 

-0.0318 

0.9868 

-0.0322 

0.9654 

-0.0325 

0.9839 

-0.0327 

0.9826 

-0.0329 

-0.0330 

-0.0380 

-0.0330 

-0.0329 

-0.0328 

-0.0827 

-0.0325 

-0.0323 

-0.0321 

-0.0318 

-0.0316 

-0.0313 

-0.0310 

-0.0807 

-0.0304 

-0.0301 

-0.0298 

-0.0295 

-0.0292 

-0.0289 

-0.0286 

-0.0282 

-0.0279 

-0.0276 

-0.0273 

-0.0270 

-0.0267 

-0.0264 

-0.0262 


0.9749 

0.9737 

0.9726 

0.9716 

0.9705 

0.9695 

0.9686 

0.9677 

0.9668 

0.9660 

0.9651 

0.9644 

0.9636 

0.9629 

0.9622 

0.9616 

0.9609 

0.9603 

0,9598 

0,9592 

0.9587 

0.9581 

0.9576 

0.9572 

0.9567 


359.84 

359.80 
359.75 
359.69 
359.63 

359.56 

359.48 

359.40 

359.82 

359.24 

359.15 
359.06 
358.98 
358.89 

358.81 

358.73 

358.66 

358.58 

358.52 

358.45 

358.89 

358.34 

358.29 

358.25 
358.21 

358.18 

358.15 
356.13 

356.11 
358.09 

358.08 

358.07 

358.07 

358.07 

358.07 

358.07 

358.08 

358.08 

358.09 

356.11 

358.12 

358.13 

358.15 

358.16 

358.18 

358.19 
358.21 

358.23 

358.24 

358.26 

358.28 

358.30 

358.31 
358.33 

358.35 

358.37 

358.38 
358.40 

358.42 

358.43 


WADC  TR  56-614 
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50 


REAL 

MAG. 

.0.0036 

0.0028 

-0.0040 

0.0036 

-0.0044 

0.0045 

-0.0048 

0.0054 

-0.0051 

0.0066 

-0.0053 

0.0078 

-0.0054 

0.0091 

-0.0055 

0.0105 

-0.0053 

0.0119 

-0.0051 

0.0134 

-0.0047 

0.0149 

0.0164 

El  'i'i3 

-0.0020 

0.0208 

-0.0010 

0.0222 

0.0001 

0.0235 

0.0012 

0.0247 

0.0025 

0.0258 

0.0038 

0.0269 

0.0051 

0.0279 

0.0065 

0.0288 

0.0079 

0.0296 

0.0094 

0.0303 

0.0108 

0.0309 

0.0123 

0.0314 

0.0137 

0.0318 

0.0152 

0.0322 

0.0166 

0.0325 

0.0180 

0.0327 

0.0194 

0.0329 

0.0207 

0.0330 

0.0220 

0.0330 

0.0233 

0.0330 

0.0245 

0.0329 

0.0257 

0.0328 

0.0268 

0.0327 

0.0279 

0.0325 

0.0290 

0.0323 

0.0300 

0.0321 

0.0310 

0.0318 

0.0319 

0.0316 

0.0328 

0.0313 

0.0337 

0.0310 

0.0345 

0.0307 

0.0353 

0.0304 

0.0361 

0.0301 

0.0368 

0.0298 

0.0375 

0.0295 

0.0382 

0.0292 

0.0389 

0.0280 

0.0395 

0.0286 

0.0401 

0.0282 

0.0406 

0.0279 

0.0412 

0.0276 

0.0417 

0.0273 

0.0422 

0.0270 

0.0427 

0.0267 

0.0432 

0.0264 

0.0437 

0.0262 

0.0156 

0.0160 

0.0182 

0.0196 

0.0200 

0.0222 

0.023S 

0.0247 

0.0260 

0.0272 

0.0284 

0.0295 

0.0306 

0.0317 

0.0327 

0.0337 

0.0347 

0.0356 

0.0365 

0.0373 

0.0381 

0.0380 

0.0396 

0.0404 

0.0410 

0.0417 

0.0423 

0.0429 

0.0434 

0.0439 

0.0444 

0.0449 

0.0454 

0.0458 

0.0462 

0.0466 

0.0470 

0.0474 

0.0477 

0.0481 

0.0484 

0.0487 

0.0490 

0.0493 

0.0496 


0.0499 


141.77 

138.34 

134.87 
131.38 

127.88 

124.40 

120;04 

117.52 

114.15 

110.84 

107.60 

104.43 

101.34 
98.34 
95.41 


0.0171 

0.0210 

0.0256 

0.0309 

0.0369 

0.0438 

0.0515 

0.06Q1 

0.0695 

0.0799 

0.0911 

0.1031 


79.60 

77.25 

74.98 

72.79 
70.68 

68.64 

66.67 

64.77 

62.95 

61.19 

59.50 

57.87 

56.30 

54.80 
53.35 


0.4584 

0.4712 

0.4835 

0.4953 

0.5066 

0.5175 

0.5279 

0.5379 

0.5475 

0.5567 

0.5655 


0.5739 


0.6111 


0.6357 

0.6413 

0.6467 

0.6518 

0.6568 

0.6616 


0.1247 

0.1372 

0.1501 

0.1635 

0.1771 

0.1910 

0.2050 

0.2190 

0.2330 

0.2469 

0.2605 

0.2738 

0.2866 

0.2989 

0.3105 

0.3215 

0.3318 

0.3413 

0.3499 

0.3578 

0.3647 

0.3708 

0.3761 

0.3805 

0.3840 

0.3869 

0.3889 

0.3903 

0.3910 

0.3910 

0.3906 

0.3895 

0.3881 

0.3862 

0.3839 

0.3813 

0.3784 

0.3753 

0.3719 

0.3684 

0.3647 

0.3609 

0.3570 

0.3530 

0.3490 

0.3450 

0.3410 


0.1259 

0.1388 

0.1523 

0.1663 

0.1809 

0.1959 

0.2113 

0.2271 

0.2432 

0.2595 

0.2760 

0.2925 

0.3091 

0.3257 

0.3422 

0.3586 

0.3747 

0.3907 

0.4063 

0.4216 

0.4365 

0.4510 

0.4651 

0.4787 

0.4919 

0.5046 

0.5169 

0.5286 

0.5399 

0.5507 

0.5611 

0.5709 

0.5804 

0.5894 

0.5980 

0.6061 

0.6139 

0.6214 

0.6285 

0.6352 

0.6416 

0.6478 

0.6536 

0,6592 

0.6645 

0.6696 

0.6745 

0.6792 

0.6837 

0.6880 

0.6921 

0.6960 

0.6998 

0.7035 

0.7071 

0.7105 

0.7138 

0.7170 

0.7201 

0.7231 


82.20 

81.30 
80.33 

79.31 
78.23 
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(r  =  0.50 


Y  .-2^ 

2irj^  {  X 


MODULUS 


1.0232 

1.0220 

1.0208 

1.0196 

1.0184 

1.0171 

1.0159 

1.0146 

1.0133 

1.0120 

1.0108 

1.0095 

1.0081 

1.0068 

1.0055 

1.0042 

1.0029 

1.0016 

1.0003 

0.9990 

0.9977 

0.9964 

0.9951 

0.9938 

0.9925 

0.9912 

0.9899 

0.9887 

0.9874 

0.9862 

0.9849 

0.9837 

0.9825 

0.9813 

0.9801 

0.9789 

0.9777 

0.9765 

0.9754 

0.9742 

0.9731 

0.9720 

0.9709 

0.9698 

0.9687 

0.9676 

0.9665 

0.9655 

0.9644 

0.9634 

0.9624 

0.9614 

0.9604 

0.9594 

0.9584 

0.9575 

0.9565 

0.9556 

0.9546 

0.9537 


-0.4318 

-0.4237 

-0.4158 

-0.4082 

-0.4009 

-0.3938 

-0.3870 

-0.3805 

-0.3741 

-0.3680 

-0.3621 

-0.3563 

-0.3508 

-0.3454 

-0.3402 

-0.3351 

-0.3302 

-0.3254 

'0.3208 

-0.3163 

-0.3119 

-0.3076 

-0.3035 

-0.2994 

-0.2955 

-0.2916 

-0.2879 

-0.2843 

-0.2807 

-0.2772 

-0.2738 

-0.2705 

-0.2673 

-0.2641 

-0.2610 

-0.2580 

-0.2551 

-0.2522 

-0.2494 

-0.2466 

-0.2439 

-0.2412 

-0.2386 

-0.2361 

-0.2336 

-0.2311 

-0.2287 

-0.2264 

-0.2241 

-0.2218 

-0.2196 


0.9681 

0.9694 

0.9706 

0.9718 

0.9729 

0.9741 

0.9752 

0.9763 

0.9774 

0.9785 

0.9795 

0.9806 

0.9816 

0.9826 

0.9836 

0.9846 

0.9856 

0.9866 

0.9875 

0.9885 

0.9894 

0.9904 

0.9913 

0.9922 

0.9931 

0.9939 

0.9948 

0.9957 

0.9965 

0.9974 

0.9982 

0.9990 

0.9998 

1.0006 

1.0014 

1.0022 

1.0030 

1.0037 

1.0045 

1.0052 

1.0060 

1.0067 

1.0074 

1.0081 

1.0088 

1.0095 

1.0102 

1.0109 

1.0116 

1.0122 

1.0129 

1.0135 

1.0141 

1.0148 

1.0154 


1.0178 

1.0184 


1.2716 

1.2507 

1.2305 

1.2110 

1.1922 

1.1740 

1.1564 

1.1394 

1.1229 

1.1069 

1.0914 

1.0764 

1.0618 

1.0477 

1.0340 

1.0206 

1.0077 

0.9950 

0.9828 

0.9708 

0.9592 

0.9478 

0.9368 

0.9260 

0.9154 

0.9052 

0.8951 

0.8853 

0.8757 

0.8684 

0.8572 

0.8482 

0.8394 

0.8308 

0.8224 

0.8142 

0.8061 

0.7982 

0.7904 

0.7828 

0.7753 

0.7680 

0.7808 

0.7538 

0,7468 

0.7400 

0.7334 

0.7268 

.7203 

.7140 

0,7078 

0.7017 

0.6956 

0.6897 

0.6839 

0.6782 

0.6726 

0.6670 

0.6616 

0.6562 


0.2804 

0.2863 

0.2922 

0.2979 

0.3036 

0.3091 

0.3146 

0.3200 

0.3253 

0.3306 

0.3357 

0.3408 

0.3458 

0.3507 

0.3556 

0.3604 

0.3651 

0.3697 

0.3743 

0.3788 

0.3832 

0.3876 

0.3919 

0.3961 

0.4003 

0.4045 

0.4086 

0.4126 

0.4166 

0.4205 

0.4244 

0.4282 

0.4320 

0.4357 

0.4394 

0.4430 

0.4466 

0.4501 

0.4537 

0.4571 

0.4605 

0.4639 

0.4673 

0.4706 

0.4739 

0.4771 

0.4803 

0.4835 

0.4866 

0.4897 

0.4927 

0.4958 

0.4988 

0.5017 

0.5046 

0.5075 

0.5104 

0.5132 

0.5160 

0.5188 


0.9559 

0.9555 

0.9551 

0.9547 

0.9543 

0.9539 

0.9535 

0.9532 

0.9528 

0.9525 

0.9522 

0.9519 

0.9516 

0.9512 

0.9510 

0.9507 

0.9504 

0.9501 

0.9499 

0.9496 

0.9493 

0.9491 

0.9488 

0.9486 

0.9484 

0.9481 

0.9479 

0.9477 

0.9475 

0.9473 

0.9470 

0.9468 

0.9466 

0.9464 

0.9462 

0.9460 

0.9459 

0.9457 

0.9455 

0.9453 

0.9451 

0.9450 

0.9448 

0.9446 

0.9445 

0.9443 

0.9441 

0.9440 

0.9438 

0.9437 

0.9435 

0,9434 

0.9432 

0.9431 

0.9429 

0.9428 

0.9427 

0.9425 

0.9424 

0.9423 


-0.0259 

-0.0256 

-0.0253 

-0.0251 

-0,0248 

-0.0246 

-0.0243 

-0.0241 

-0.0238 

-0.0236 

-0.0234 

-0.0231 

-0.0220 

-0.0227 

-0.0225 

-0.0223 

-0.0221 

-0.0219 

-0.0217 

-0.0215 

•0.0213 

-0.0212 

-0.0210 

-0.0208 

-0.0206 

-0.0205 

-0.0203 

-0.0201 

-0.0200 

-0.0198 

-0.0197 

-0.0195 

-0.0194 

-0.0192 

-0.0191 

-0.0189 

-0.0188 

-0.0187 

-0.0185 

-0.0184 

-0.0182 
-0.0181 
0180 


0.9509 

0.9506 

0.9504 

0.9501 

0.9498 

0.9496 

0.9493 

0.9491 

0.9488 

0.9486 

0.9484 

0.9481 

0.9479 

0.9477 

0.9475 

0.0472 

0.9470 

0.9468 

0.9466 

0.9464 

0.9462 

0.9460 

0.9459 

0.9457 

0.9455 

0.9453 

0.9451 

0.9450 


-0.0 
-0.0 
-0.0 
-0.0 
-0.0160 


0.9441 

0.9440 

0.9438 

0.9437 

0.9435 

0,9434 

0.9432 

0.9431 

0.9429 

0.9428 

0.9427 

0.9425 

0.9424 


wiUilUMl 


358.45 

358.47 

358.48 

358.50 

358.51 

358.53 

358.54 

358.55 

358.57 

358.58 

358.59 

358.61 

358.62 

358.63 

358.64 

358.66 

358.67 

358.68 

358.69 

358.70 

358.71 

358.72 

358.73 

358.74 

358.75 

358.76 

358.77 

358.78 

358.79 

358.80 

358.81 

358.82 

358.83 

358.84 

358.85 

358.85 

358.86 

358.87 

358.88 

358.89 

358.89 

358.90 

358.91 

358.92 

358.92 

358.93 

358.94 

358.95 

358.95 

358.96 

358.97 

358.97 

358.98 

358.99 

358.99 

359.00 

359.01 

359.01 

359.02 

359.03 
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BB 

k^. 

5.0 

<r^  0.60 

B 

l+V 

l+VF,o 

REAL 

tMAG. 

MODULUS 

WiSSSM 

REAL 

LMAG. 

MODULUS 

\Wj33Sm\ 

4.00 

0.0441 

0.0259 

0.0511 

30.40 

0.6663 

0.2884 

0.7260 

23.41 

4.05 

0.0445 

0.0256 

0.0514 

29.89 

0.6708 

0.2852 

0.7289 

23.03 

4.10 

0.0449 

0.0253 

0.0516 

29.41 

0.6751 

0.2820 

EKEn 

22.67 

4.15 

0.0453 

0.0251 

0.0518 

28.93 

C.6793 

0.2789 

0.7343 

22.32 

4.20 

0.0457 

0,0248 

0.0520 

28.48 

0.6834 

0.2758 

0.7369 

21.98 

4.25 

0.0461 

0.0246 

0.0522 

28.04 

0.6873 

0.2728 

0.7395 

21.65 

4.30 

0.0465 

0.0243 

0.0524 

27.62 

0.6912 

0.2699 

0.7420 

21.33 

4.35 

0.0468 

0.0241 

0.0526 

27.20 

0.6949 

0.2871 

0.7445 

21.03 

4.40 

0.0472 

0,0238 

0.0528 

26.81 

0.6985 

0.2643 

0.7468 

20.73 

4.45 

0.0475 

0.0236 

0.0530 

26.42 

0.7020 

0.2618 

0.7492 

20.44 

0.0478 

0.0234 

0.0532 

26.04 

0.7055 

0.2589 

0.7515 

20.16 

4.55 

0.0481 

0.0231 

0.0534 

25.68 

0.7088 

0.2564 

0.7637 

19.88 

KKlfl 

0.0484 

0.0229 

0.0536 

25.33 

0.7121 

0.2538 

0.7559 

19.62 

4.65 

0.0488 

0.0227 

0.0538 

24.99 

0.7152 

0.2513 

0.7581 

19.36 

4.70 

.0.0490 

0.0225 

0.0540 

24.65 

0.7183 

0.2489 

0.7602 

19.11 

4.75 

0.0493 

0.0223 

0,0541 

24.33 

0.7214 

0.2465 

0.7623 

18.87 

4.80 

0.0496 

0.0221 

0.0543 

24.02 

0.7243 

0.2442 

0.7644 

18.63 

4.85 

0.0499 

0.0219 

0.0545 

23.71 

0.7272 

0.2420 

0.7664 

18.40 

4.80 

0.0501 

0.0217 

0.0547 

23.42 

0.7300 

0.2397 

0.7684 

18.18 

4.95 

0.0504 

0.0215 

0.0548 

23.13 

0,2376 

0.7703 

17.96 

5.00 

0.0507 

0.0213 

0.0550 

22.84 

0.7355 

0.2354 

17 .75 

5,05 

0.0509 

0.0212 

0.0551 

22.57 

0.7381 

0.2333 

I'tr ' '  1 

17.54 

5.10 

0.0512 

0.0210 

0.0553 

22.30 

0.7407 

0.2313 

EsLifl 

17.34 

S.IS 

0.0514 

0.0208 

0.0555 

22.04 

0.7433 

0.2293 

0.7778 

17.14 

5.20 

0.0516 

0.0206 

0.0556 

21.79 

0.7458 

0.2273 

0.7796 

16.95 

5.25 

0.0510 

0.0558 

21.54 

0.7482 

0.2254 

0.7814 

16.76 

5.30 

0.0521 

0.0203 

0.0559 

21.29 

0.7506 

0.2235 

0.7832 

16.58 

S.3S 

0.0523 

0.0201 

0.0561 

21.06 

0.2216 

0.7849 

16.40 

5.40 

0.0525 

0.0200 

0.0562 

20.82 

0.2198 

0.7866 

16.22 

5.45 

0.0627 

0.0108 

0.0564 

20.60 

0.7576 

0.2180 

0.7883 

16.05 

5.50 

0.0530 

0.0197 

0.0565 

20.38 

0.7598 

0.2162 

0.7899 

15.88 

•5.55 

0.0532 

0.0195 

0.0566 

20.16 

0.2144 

0.7916 

15.72 

5.60 

0.0534 

0.0194 

0.0568 

19.95 

0.7641 

0.2127 

0.7932 

15.56 

5.65 

0.0536 

0.0192 

0.0569 

19.74 

0.7662 

0.2111 

0.7948 

15.40 

5.70 

0.0538 

0.0191 

0.0570 

19.53 

0.7683 

0.2094 

0.7963 

15.25 

5.75 

0.0540 

0.0189 

0.0572 

19.34 

0.7704 

0.2076 

0.7979 

15.09 

5.80 

0.0541 

0.0188 

0.0573 

19.14 

0.7724 

0.2062 

0.7994 

14.95 

5.85 

0.0543 

0.0187 

0.0574 

18.95 

0,7743 

0.2046 

14.80 

5.90 

0.0545 

0.0185 

0,0576 

18.76 

0.7763 

0.2030 

0.8024  1 

14.66 

5.95 

0.0547 

0.0184 

0.0577 

18.58 

0.7782 

0.2015 

14.52 

6.00 

0.0549 

0.0182 

0.0578 

18.40 

0.7801 

0.2000 

14.38 

6.05 

0.0550 

0.0181 

0.0579 

18.22 

0.7819 

0.1985 

14.25 

6.10 

0.0552 

0.0180 

0.0581 

18.05 

0.7837 

0.1970 

14.11 

6.15 

0.0554 

0.0179 

0.0582 

17.88 

0.7855 

0.1956 

13.98 

6.20 

0.0555 

0.0177 

0.0583 

17.71 

0.7873 

0.1942 

L  ilil 

13.86 

6.25 

0.0557 

0.0176 

0.0584 

17.54 

0.7890 

0.1928 

0.8122 

13.73 

6.30 

0.0559 

0.0175 

0.0585 

17.38 

0.7907 

0.1914 

0.8135 

13.61 

6.35 

0.0560 

0.0174 

0,0587 

17.22 

0.7924 

0.1900 

0.8148 

13.49 

6.40 

0.0562 

0.0172 

0.0588 

17.07 

0.7940 

0.1887 

0.8161 

13.37 

6.45 

0.0563 

0.0171 

0.0589 

16.92 

0.7956 

0.1874 

0.8174 

13.25 

6.50 

0.0565 

0.0170 

0.0590 

16.76 

0.7972 

0.1860 

0.8186 

13.14 

6.55 

0.0566 

0.0169 

0.0591 

16.62 

0.7988 

0.1848 

0.8199 

13.02 

6.60 

0.0168 

0,0592 

16.47 

0.8003 

0.1835 

0.8211 

12.91 

6.65 

0.0569 

liHt  livH 

0.0593 

16.33 

0.8019 

0.1822 

0.8223 

12.80 

6.70 

0.0571 

■iiii 

0.0594 

16.19 

0.8034 

0.1810 

0.8235 

12.70 

6.75 

0.0572 

0.0165 

0.0595 

16.05 

0.8048 

0.1798 

0.8247 

12.59 

6.80 

0.0573 

0.0164 

0.0596 

15.92 

0.8063 

0.1785 

0.8258 

12.49 

6.85 

0.0575 

ERTTa 

0.0597 

15.78 

0.8077 

0.1774 

0.8270 

12.38 

6.90 

0.0598 

15.65 

0.8092 

0.1762 

0.8281 

12.28 

6.95 

0.0577 

0.0160 

0.0599 

15.52 

0.8106 

0.1750 

0.8292 

12.18 
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0.9528 

0.9519 

0.9510 

0.9502 

0.9493 

0.9484 

0.9476 

0.9467 

0.9459 

0.9451 

0.9443 

0.9435 

0.9427 

0.9419 

0,9411 

0.9404 

0.9396 

0.9388 

0.9381 

0.9374 

0.9366 

0.9359 

0.9352 

0.9345 

0.9338 

0.9331 

0.9325 

0.9318 

0.9311 

0.9305 

0.9298 

0.9292 

0.9285 

0.9279 

0.9273 

0.9206 

0.9260 

0.9254 

0.9248 

0.9242 

0.9236 

0.9230 

0.9225 

0.9219 

0.9213 


-0.1754 
-0. 1739 
-0. 1725 
-0.1712 
-0.1698 

-0.1685 

-0.1672 

-0.1659 

-0.1646 

-0.1634 

-0. 1622 
-0.1609 
-0. 1597 
-0. 1586 
-0.1574 

-0.1563 
-0.1551 
-0. 1540 
-0.1529 
-0.1518 

-0.1508 

-0.1497 

-0,1487 

-0.1476 

-0.1466 

-0.1456 
-0.1447 
-0.1437 
-0. 1427 


1.0314 

1.0318 

1.0322 

1.0326 

1.0330 

1.0334 

1.0339 

1.0343 

1.0347 

1.0350 

1.0354 

1.0358 

1.0362 

1.0366 

1.0370 

1.0373 

1.0377 

1.0381 

1.0384 

1.0388 

1.0391 

1.0395 

1.0398 

1.0402 

1.0405 

1.0408 

1.0412 

1.0415 

1.0418 

1.0421 


0.6025 

0.5980 

0.5936 

0.5893 

0.5850 

0.5808 

0.5767 

0.5726 

0.5686 

0.5646 

0.5607 

0.5568 

0.5530 

0.5492 

0.5455 

0.5419 

0.5383 

0.5347 

0.5312 

0.5277 

0.5243 

0.5209 

0.5176 

0.5143 

0.5110 

0.5078 

0.5046 

0.5015 

0.4984 

0.4953 

0.4923 

0.4893 

0.4864 

0.4835 

0.4806 

0.4778 

0.4750 

0.4722 

0.4694 

0.4667 


0.4614 

0.4588 

0.4562 

0.4536 

0.4511 

0.4486 

0.4461 

0.4436 

0.4412 


0.5216 

0.5243 

0.5270 

0.5296 

0.5322 

0.5348 

0.5374 

0.5400 

0.5425 

0.5450 

0.5475 

0.5490 

0.5523 

0.5547 

0.5571 

0.5594 

0.5618 

0.5641 

0.5663 

0.5686 

0.5708 

0.5730 

0.5752 

0.5774 

0.5795 

0.5817 

0.5838 

0.5858 

0.5879 

0.5900 

0.5920 

0.5940 

0.5960 

0.5979 

0.5999 

0.6018 

0.6037 

0.6056 

0.6075 

0.6094 

0.6112 

0.6130 

0.6148 

0,6166 

0.6184 

0.6202 

0.6219 

0,6236 

0.6254 

0.6271 

0.6287 

0.6304 

0.6321 

0.6337 

0.6353 

0.6369 

0.6385 

0.6401 

0.6417 

0.6433 


0.9382 

0.9381 

0.9380 

0.9379 

0.9379 

0.9378 

0.9377 

0,9377 

0.9376 

0.9375 

0.9374 

0.9374 

0.9373 

0.9372 

0.9372 

0.9371 

0.9370 

0.9370 

0.9369 

0.9369 


-0.0121 


1.0440  0.4388  I  0.6448  0,9368 


MOXJLJUS 


0.9423 

0.9421 

0.9420 

0.9419 

0.9418 

0.9416 

0.9415 

0.9414 

0.9413 

0.9412 

0.9411 

0.9409 

0.9408 

0.9407 

0.9406 

0.9405 

0.9404 

0.9403 

0.9402 

0.9401 

0.9400 

0.9399 

0.9398 

0.9397 

0.9396 

0.9395 

0.9394 

0.9393 

0.9393 

0.9392 

0.9391 

0.9390 

0.9389 

0.9388 

0.9387 

0.9387 

0.9386 

0.9385 

0.9384 

0.9383 

0.9383 

0.9382 

0.9381 

0.9380 

0.9380 

0.9379 

0.9378 

0.9377 

0.9377 

0.9376 

0.9375 

0.9375 

0.9374 

0.9373 

0.9372 

0.9372 
0.9371 
0.9371  I 
0.9370 
0.9369 


359.03 

359.04 

359.04 

359.05 

359.05 

359.06 

359.07 

359.07 

359.08 

359.08 

359.09 

359.09 

359.10 

359.10 

359.11 

359.11 

359.12 

359.12 

359.13 

359.13 

359.14 

359.14 

359.15 

359.15 

359.16 

359.16 

359. 17 

359.17 

359.18 
359.18 

359.18 

359.19 

359.19 

359.20 

359.20 

359.21 
359.21 

359.21 

359.22 

359.22 

359.23 
359.23 

359.23 

359.24 
359.24 

359.24 

359.25 

359.25 

359.26 
359.26 

359.26 

359.27 
359.27 

359.27 

359.28 

359.28 

359.28 

359.29 

359.29 

359.29 


0.9369  359.30 
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trs  0.50 


0.0579 

0.0580 

0.0581 

0.0562 

0.0584 

0.0585 

0.0586 

0.0587 

0.0588 

0.0580 

0.0501 

0.0502 

0.0503 

0.0504 

0.0505 

0.0596 

0.0507 

0.0508 

0.0509 

0.0600 


0.0606 


0.0155 


0.0154 
0.0 
0.0 
0.0 
0.0 


0.0150 

0.0140 

0.0148 

0.0147 

0.0146 

0.0145 

0.0145 

0.0144 

0.0143 

0.0142 

0.0141 

0.0140 

0.0140 


0.0137 

0.0137 


0.0618 

0.0619 

0.0620 

0.0621 

0.0621 

0.0622 

0.0623 

0.0623 

0.0624 

0.0625 

0.0626 

0.0626 

0.0627 

0.0628 

0.0628 

0.0629 

0.0630 

0.0630 

0.0631 

0.0631 

0.0632 


0.0127 

0.0126 

0.0126 

0.0125 

0.0124 


0.0124 


0.0121 

0.0120 

0.0119 

0.0119 

0.0118 


1+^ 


MODULUS 


0.0600 

0.0601 

0.0602 

0.0603 

0.0604 

0.0605 

0.0606 

0.0607 

0.0608 

0.0608 

0.0609 
0.0810 
0.06 
0.06 
0.06 

0.0613 
0.0614 
.06 
.06 
.06 

0.0617 

0.0618 

0.0619 

0.0620 

0.0620 

0.0621 

0.0622 

0.0623 

0.0623 

0.0624 

0.0625 

0.0625 

0.0626 

0.0627 

0.0627 

0.0628 

0.0629 

0.0629 

0.0630 

0.0631 

0.0631 

0.0632 

0.0632 

0.0633 

0.0634 

0.0634 

0.0635 

0.0635 

0.0636 

0.0637 

0.0637 

0.0638 

0.0638 

0.0639 

0.0639 

0.0640 

0.0640 

0.0641 

0.0641 

0.0642 

0.0642 


0.8541 

0.8550 

0.8558 

0.8566 

0.8573 


0.8619 

0.8626 

0.8633 

0.8640 

0.8648 

0.8654 

0.8661 

0.8668 

0.8675 

0.8682 


l+VFio 


MAG.  MODULUS 


0.8119 

0.8133 

0.8146 

0.8159 

0.8172 

0.8185 

0.8108 

0.8210 

0.8222 

0.8234 

0.8246 

0.8258 

0.8270 

0.8281 

0.8293 


0.1739 

0.1727 

0.1716 

0.1706 

0.1694 


0.1632 

0.1622 


0.1583 

0.1573 

0.1564 

0.1555 

0.1546 

0.1537 


.493 
.485 
.476 
0.1468 
0.1460 

0.1452 

0.1444 

0.1436 

0.1428 

0.1421 

0.1413 
0.1405 
398 
391 
383 

0.1376 
0.1369 
362 
355 
348 


0.1276 

0.1270 

0.1264 

0.1258 

0.1252 


0.8303 

0.8314 

0.8325 

0.8336 

0.8346 

0.8356 

0.8367 

0.8377 

0.8387 

0.8397 

0.8406 

0.8416 

0.8425 

0.8435 

0.8444 

0.8453 

0.8462 

0.8471 

0.8480 

0.8489 

0.8497 

0.8506 

0.8514 

0.8523 

0.8531 

0.8539 

0.8547 

0.8555 

0.8563 

0.8571 

0.8579 

0.8586 

0.8594 

0.8601 

0.8609 

0.8616 

0.8623 

0.8631 

0.8638 

0.8645 

0.8652 

0.8659 

0.8665 

0.8672 

0.8679 


0.8711 


0.8717 

0.8724 

0.8730 

0.8736 

0.8742 

0.8748 

0.8754 


0.8688  I  0.1246 
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ff-  «  0.50 


BEAL 

IMAG. 

1  1.00 

1.0155 

-5.9890 

1 

1.0170 

-5.4317 

1  '\tiM 

1.0185 

-4.0489 

1 

1.0198 

-4.5280 

K  ^ 

1.0210 

-4.1587 

1.25 

1.0221 

-3.8331 

1.30 

1.0231 

-3.5446 

1.35 

1.0230 

-3.2877 

1.40 

1.0247 

-3.0580 

1.45 

1.0253 

-2.8517 

1.50 

1.0259 

-2.6660 

1.55 

1.0264 

-2^4980 

1.60 

1.0267 

-2.3457 

1.65 

1.0270 

-2.2071 

1.70 

1.0273 

-2.0807 

Y  -2^  ^ 

2r^  X 


1.0275 

1.0276 

1.0277 

1.0277 

1.0277 

1.0277 

1.0276 

1.0274 

1.0273 

1.0270 

1.0268 

1.0265 

1.0262 

1.0259 

1.0255 

1.0251 

1.0247 

1.0242 

1.0237 

1.0232 

1.0226 

1.0220 

1.0214 

1.0207 

1.0201 


1.0153 

1.0144 

1.0135 

1.0126 

1.0116 

1.0106 

1.0096 

1.0085 

1.0075 

1.0064 

1.0052 

1.0041 

1.0029 

1.0018 

1.0006 


-1.0651 

-1.8591 

-1.7616 

-1.6719 

-1.5891 

-1.5125 

-1.4415 

-1.3757 

-1.3144 

-1.2574 

-1.2043 

-1.1546 

-1.1082 

-1.0647 

-1.0240 

-0.9857 

-0.9497 

-0.9159 

-0.8841 

-0.8540 

-0.8257 

-0.7989 

-0.7736 

-0.7497 

-0.7270 

-0.7055 

-0.6851 

-0.6657 

-0.6473 

-0.6298 

-0.6132 

-0.5973 

-0.5822 

-0.5678 

-0.5541 

-0.5410 

-0.5284 

-0.5164 

-0.5049 

-0.4940 

-0.4834 

-0.4733 

-0.4636 

-0.4543 

-0.4454 


0.5311 

0.5529 

0.5740 

0.5944 

0.6141 

0.6331 

0.6515 

0.6691 

0.6860 

0.7022 

0.7177 

0.7325 

0.7467 

0.7601 

0.7729 

0.7851 

0.7966 

0.8075 

0.8178 

0.8276 

0.8368 

0.8455 

0.8537 

0.8614 

0.8686 

0.8755 

0.8819 

0.8880 

0.8936 

0.8990 

0.9040 

0.9088 

0.9132 

0.9174 

0.9214 

0.9251 

0.9286 

0.9320 

0.9351 

0.9381 

0.9409 

0.9436 

0.9462 

0.9486 

0.9509 

0.9531 

0.9553 

0.9573 

0.9593 

0.9611 

0.9629 

0.9647 

0.9664 

0.9680 

0.9696 

0.9711 

0.9726 

0.9741 

0.9755 

0.9769 


5.3075 

5.2159 

5.1216 

5.0254 

4.9272 

4.8273 

4.7261 

4.6240 

4.5211 

4.4179 

4.3145 

4.2113 

4.1085 

4.0063 

3.0051 

3.8049 

3.7081 

3.6087 

3.5130 

3.4192 

3.3272 

3.2373 

3.1495 

3.0640 

2.0807 

2.8098 

2.8212 

2.7450 

2.6712 

2.5998 

2.5308 

2.4640 

2.3997 

2.3375 

2.2777 

2.2200 

2.1644 

2.1109 

2.0594 

2.0099 

1.9622 

1.9164 

1.8723 

1.8300 

1.7893 

1.7501 

1.7125 

1.6763 

1.6415 

1.6080 

1.5759 

1.5449 

1.5151 

1.4865 

1.4589 


1.4323 

1.4087  0.2 
1.3820  0.2 
1.3582  0.2 
1.3353  0.2 


1.0007 
1.0002 
0.9097 
0.9991 
9985 


0.9004 

0.9896 

0.0888 

0.9881 

0.9874 

0.9868 

0.9859 

0.9653 

0.9846 

0.9840 

0.9833 

0.9827 

0.9822 

0.9816 

0.9811 

0.9806 

0.9801 

0.9796 

0.9791 

0.9787 

0.9783 

0.9779 

0.9775 

0.9771 

0.9768 

0.0764 

0.9761 

0.9758 

0.9755 

0.9752 

0.9749 

0.9746 


-0.0 
-0,0 
-0.0 
-0.0 
-0.0174 

-0.0173 

-0.0171 


1.0007 

1.0003 

0.9998 

0.9992 

0.9086 

0.9980 

0.9973 

0.9966 

0.9959 

0.9951 

0.9944 

0.9936 

0.9929 

0.9921 

0.9913 

0.9005 

0.0898 

0.9890 

0.9882 

0.9875 

0.9868 

0.9861 

0.9854 

0.9848 

0.9841 

0.9835 

0.9829 

0.9823 

0.9818 

0.9812 


(Dfsnees) 


359.63 

359.79 

359.76 

359.72 

359.67 

359.63 

359.59 

359.54 

359.50 

359.45 

359.41 

359.37 

359.33 

359.29 

359.25 

359.21 

359.18 

359.15 

359.12 

359.09 

359.07 

359.05 

359.03 

359.01 

358.99 

358.98 

358.97 

358.96 

358.96 

358.95 

358.95 

358.95 

358.05 

358.95 

358.95 

358.96 

358.96 

358.97 

358.97 

358.98 

358.99 
359.00 
359.01 
359.02 
359.03 

359.03 

359.04 

350.05 

359.06 

359.07 

359.08 

359.09 

359.10 

359.11 

359.12 

359.13 

359.14 

359.15 

359.16 

359.17 
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/r»  -10.0 


f'^VF/o 


IMAG.  \MOajLUS\l^fSE^, 


tMAG.  \  MODULUS 


.0.0022 
■0.0020 
■  0.0 
■0.0 
-0.0 


0.0030 

0.0036 

0.0043 

0.0060 

0.0057 

0.0065 

0.0072 

0.0080 

0.0088 

0.0095 


■0.0007  I  0.0103 


0. 

0. 

0. 

0. 

0.0158 


0.0166 

0.0169 

0.0172 

0.0174 


0.0176 


0.0021 

0.0028 

0.0035 

0.0042 

0.0050 

0.0057 

0.0065 

0.0073 

0.0081 

0.0089 

0.0096 

0.0104 

0.0112 

0.0119 

0.0126 

0.0134 

0.0141 

0.0147 

0.0154 

0.0160 

0.0167 

0.0173 

0.0178 

0.0184 

0.0189 

0.0194 

0.0199 

0.0204 

0.0209 

0.0213 


0.0236 

0.0239 

0.0242 

0.0245 

0.0248 


0.0251 

0.0254 

0.0256 

.0259 

.0261 


0.0174 

0.0173 

0.0171 

0.0170 

0.0168 

0.0167 

0.0165 

0.0163 

0.0161 

0.0160 

0.0158 

0.0156 

0.0154 

0.0153 

0.0151 

0.0149 

0.0148 

0.0146 

0.0144 

0.0143 

0.0141 


0.0037 

0.0043 

0.0049 

0.0055 

0.0062 

0.0068 

0.0075 

0.0082 

0.0089 

0.0096 

0.0103 

0.0110 

0.0117 

0.0125 

0.0132 

0.0139 

0.0145 

0.0152 

0.0159 

0.0165 

0.0172 

0.0178 

0.0184 

0.0190 

0.0195 

0.0201 

0.0206 

0.0211 

0.0216 

0.0221 

0.0225 

0.0229 

0.0233 

0.0237 

0.0241 


0 

.0268 

0 

.0270 

0 

.0273 

0.0277 

0.0279 

0.0281 

0.0283 

0.0284 

0.0286 

0.0288 

0.0289 

0.0291 

0.0293 

0.0294 

0.0295 

0.0297 


111.98 


108.66 

105.45 

102.36 

99.38 

96.50 


0.0184 

0.0227 

0.0276 

0.0331 

0.0395 

0.0465 

0.0544 

0.0630 

0.0724 

0.0826 

0.0936 

0.1053 

0.1178 

0.1309 

0.1446 

0.1588 

0.1736 

0.1888 

0.2044 

0.2202 

0.2362 

0.2524 

0.2687 

0.2849 

0.3011 

0.3171 


0.4606 

0.4728 

0.4844 

0.4957 

0.5065 

0.5169 

0.5269 

0.5365 

0.5457 

0.5545 

0.5630 

0.5711 

0.5789 

0.5864 

0.5935 

0.6004 

0.6070 

0.6134 

0.6195 

0.6254 

0.6310 

0.6365 

0.6417 

0.6468 

0.6517 


0.1247 
0.1370 
. 0.1497 
0.1626 
0.1758 

0.1891 

0.2025 

0.2160 

0.2293 

0.2424 

0.2553 

0.2679 

0.2801 

0.2918 

0.3029 

0.3134 

0.3233 

0.3325 

0.3409 

0.3485 

0.3554 

0.3615 

0.3669 

0.3714 

0.3752 

0.3782 

0.3806 

0.3823 

0.3833 

0.38S7 

0.3836 

.0.3830 

0.3820 

0.3805 

0.3786 

0.3764 

0.3739 

0.3711 

0.3681 

0.3649 

0.3616 

0.3581 

0.3545 

0.3509 

0.3471 

0.3434 

0.3396 

0.3358 

0.3320 

0.3282 

0.3244 

0.3207 

0.3170 

0.3133 

0.3097 

0.3062 

0.3027 

0.2993 

0.2959 

0.2926 


0.1261 

0.1389 

0.1522 

0.1660 

0.1802 

0.1948 

0.2097 

0.2250 

0.2405 

0.2561 

0.2720 

0.2879 

0.3038 

0.3198 

0.3356 

0.3514 

0.3670 

0.3823 

0.3974 

0.4123 

0.4268 

0.4409 

0.4547 

0.4681 

0.4810 

0.4936 

0.5057 

0.5173 

0.5285 

0.5393 

0.5496 

0.5595 

0.5689 

0.5780 

0.5866 

0.5949 

0.6027 

0.6103 

0.6174 

0.6243 


I 

i 


0.6594 

0.6644 

0.6692 

0.6738 

0.6782 


39.25 

38.34 

37.45 

36.60 

35.77 
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A-lig 


■  10.0 

er  *  0.50 

im 

/ 

.2irY 

i  X 

- 

V 

m 

REAL 

/MAG. 

X 

REAL 

/MAG. 

Momus 

mAst 

lofsfieesi 

4.00 

0.9094 

-0.4368 

0.0782 

1.3132 

0.2690 

0.0737 

-0.0140 

0.9738 

350.18 

4.05 

0.9081 

-0.4265 

0.9706 

1.2018 

0.2748 

0.0734 

-0.0138 

0.9735 

359.19 

4.10 

0.9969 

-0.4206 

0.9809 

1.2712 

0.2805 

0.9732 

-0.0137 

0.9733 

350.19 

4.15 

0.9056 

-0.4120 

0.9821 

1.2513 

0.2861 

0.9730 

-0.0135 

0.9731 

359.20 

4.20 

0.9043 

-0.4055 

0.9834 

1.2320 

0.2017 

0.0726 

-0.0134 

0.0729 

359.21 

4.25 

0.0931 

-0.3084 

0.9846 

1.2134 

0.2972 

0.9726 

-0.0133 

0.9727 

359.22 

4.30 

0.9018 

-0.3915 

0.9858 

1.1954 

0.3026 

0.9724 

-0.0131 

0.9725 

359.23 

4.35 

0.9905 

-0.3840 

0.9870 

1.1779 

0.3070 

0.0722 

-0.0130 

0.9723 

350.23 

4.40 

0.9801 

-0.3785 

0.9882 

1.1611 

0.3132 

0.9720 

-0.0129 

0.9721 

350,24 

4.45 

0.0878 

-0.3723 

0.0893 

1.1447 

0.3183 

0.0719 

-0.0127 

0,9719 

359.25 

4.50 

0.0865 

-0.3663 

0.0904 

1.1288 

0.3234 

0.9717 

-0.0126 

0.0718 

359.26 

4.55 

0.0852 

-0.3605 

0.9916 

1.1135 

0.3284 

0.9715 

-0.0125 

0.9716 

359.26 

4.60 

0.9838 

-0.3549 

0.9927 

1.0985 

0.3334 

0.9714 

-0.0124 

0.0714 

850.27 

4.65 

0.9825 

-0.3494 

0.9937 

1.0841 

0.3382 

0.0712 

-0.0123 

0.9713 

350.28 

4.70 

0.9812 

-0.3442 

0.0948 

0.3430 

0.0710 

-0.0122 

0.9711 

359.28 

4.75 

0.0708 

-0.3390 

0.9059 

1.0563 

0.3477 

0.0700 

-0.0120 

0.9710 

359.29 

0.9785 

-0.3341 

0.9069 

1.0430 

0.3524 

-0.0110 

0.0708 

359.30 

4.85 

0.9771 

-0.3202 

0.0079 

1.0301 

0.3570 

-0.0118 

0.9707 

359.30 

4.  SO 

0.0758 

-0.3246 

0.0990 

1.0175 

0.3615 

0.9704 

-0.0117 

0.0705 

359.31 

4.05 

0.9745 

-0.3200 

1.0000 

1.0052 

0.3660 

0.9703 

-0.0116 

0.0704 

359.31 

5.00 

0.9731 

-0.3156 

1.0010 

0.0033 

0.3704 

0.0702 

-0.0115 

0.0702 

350.32 

0.9718 

-0.3113 

1.0019 

0.9816 

0.3747 

-0.0114 

359.33 

0.9705 

-0.3071 

1.0020 

0.9703 

0.3790 

0.9600 

-0.0113 

liHiWiLfl 

350.33 

5.15 

0.9692 

-0.3030 

1.0030 

0.9592 

0.3832 

0.9608 

-0.0112 

0.9608 

350.34 

5.20 

0.9679 

-0.2990 

1.0048 

0.9484 

0.3674 

0.9607 

-0.0111 

0.9607 

359.34 

5.25 

0.9686 

-0.2051  . 

1.0058 

0.9379 

0.3915 

0.9605 

-0.0111 

0.9696 

350.35 

5.30 

0,0653 

-0.2013 

1.0067 

0.9276 

0.3955 

0.0694 

-0.0110 

0.9695 

350.35 

5.35 

0.0640 

-0.2877 

1.0076 

0.0175 

0.3995 

0.0693 

-0.0109 

0.9604 

359.36 

5.40 

0.0627 

-0.2841 

1.0085 

0.9076 

0.4035 

0.9692 

-0.0108 

0.0602 

350.36 

5.45 

0.9614 

-0,2805 

1.0094 

0.8080 

0.4074 

0.9691 

-0.0107 

0.0691 

359.37 

5.50 

0.0602 

-0.2771 

1.0103 

0.8886 

0.4112 

0.9689 

-0.0106 

0.9690 

359.37 

5.55 

0.0580 

-0.2738 

1.0112 

0.8794 

0.4150 

0.9688 

-0.0105 

0.9689 

359.38 

5.60 

0.9577 

-0.2705 

0.8704 

0.4188 

0.9687 

-0.0105 

0.9888 

350,38 

5.65 

0.9564 

-0.2673 

1.0129 

0.8615 

0.4225 

0.9686 

-0.0104 

0.9887 

859.39 

5.70 

0.9552 

-0.2642 

1.0137 

0.8529 

0.4262 

0.9685 

-0,0103 

0.9886 

359.39 

5.75 

0.9540 

-0.2611 

1.0145 

0.8444 

0.4298 

0.9684 

0.9685 

350.40 

5.80 

0.9528 

-0.2581 

1.0154 

0.8361 

0.4334 

0.9663 

-0.0101 

0.9684 

350.40 

5.85  . 

0.9516 

-0.2552 

1.0162 

0.8280 

0.4369 

0.9682 

-0.0101 

0.9683 

350.40 

5.90 

0.9504 

-0.2524 

0.8200 

0.4404 

0.9681 

-0.0100 

0.9682 

359.41 

5.95 

0.9493 

-0.2406 

1.0178 

0.8122 

0.4430 

0.9680 

-0.0099 

0.9681 

359.41 

6.00 

mm 

-0.2468 

1.0186 

0.8045 

0.4473 

0.9670 

-0.0090 

0.9680 

359.42 

6.05 

0.0470 

-0.2441 

1.0193 

0.7069 

0.4507 

0.0678 

-0.0098 

0.9679 

359.42 

6.10 

0.0458 

-0.2415 

0.7895 

0.4541 

0.0677 

-0.0097 

0.9678 

359.43 

6.15 

0.9447 

-0.2389 

1.0208 

0.7823 

0.4574 

0.9676 

'0.0006 

0.9677 

350.43 

6.20 

0.9436 

-0.2364 

1.0216 

0.7751 

0.4606 

0.9676 

-0.0098 

0.0676 

350,43 

■SI 

0.9425 

-0.2339 

1.0223 

0.7661 

0.4630 

0.9675 

-0.0095 

0.9675 

350.44 

0.0414 

-0.2315 

1.0230 

0.7613 

0.4671 

0.9674 

-0.0094 

0.9674 

359.44 

0.0404 

-0.2201 

1.0238 

0.7545 

0.4702 

0.9673 

-0.0094 

0.0673 

359.44 

6.40 

0.9303 

-0.2268 

1.0245 

0.7479 

0.4734 

0.9872 

-0.0003 

0.0673 

359.45 

6.45 

0,9383 

-0.2245 

1.0252 

0.7414 

0.4765 

0.9671 

-0.0002 

0.9672 

359.45 

6.50 

0.9372 

-0.2223 

1.0259 

0.7349 

0.4795 

-0.0002 

0.9671 

359.46 

6.55 

0.9362 

-0.2201 

1.0265 

0.7286 

0.4826 

-0.0091 

0.0670 

359.46 

6.60 

0.9352 

-0,2179 

1.0272 

0.7224 

0.4856 

0.9689 

-0.0091 

0.9669 

359.46 

6.65 

0.9342 

-0.2158 

1.0270 

0.7163 

0.4685 

0.0668 

-0.0090 

0.0660 

359.47 

6.70 

0.0332 

-0.2137 

1.0265 

0.7104 

0.4915 

0.9667 

-0.0080 

0.9668 

359.47 

6.75 

0.9322 

-0.2117 

1.0292 

0.7045 

0.4944 

0,9667 

-0,0089 

0.9667 

359.47 

6.80 

0.9312 

-0.2097 

1.0298 

0.6987 

0.4973 

0.9666 

-0.0088 

0.9666 

359.48 

6.85 

0.0303 

-0.2077 

1.0305 

0.6930 

0.5001 

0.9665 

-0.0088 

0.0666 

359.48 

6.90 

0.9203 

-0.2058 

1.0311 

0.6873 

&.5020 

0.9665 

-0.0087 

0.0665 

350.48 

6.05 

0.9284 

-0.2039 

1.0317 

0.6818 

0.5057 

0.0664 

-0.0087 

0.0664 

350.49 
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0.0263 

0.0266 

0.0268 

0.0270 

0.0272 

0.0274 

0.0276 

0.0278 

0.0280 

0.0281 

0.0283 

0.0285 

0.0286 

0.0288 

0.0280 

0.0291 

0.0293 

0.0294 

0.0296 

0.0297 

0.0298 

0.0300 

0.0301 

0.0302 

0.0303 

0.0305 

0,0306 

0.0307 

0.0308 

0.0309 

0.0311 

0.0312 

0.0313 

0.0314 

0.0315 

0.0316 

0,0317 

0.0318 

0.0319 

0.0320 

0.0321 

0.0322 

0.0323 

0.0324 

0.0324 

0.0325 

0,0326 

0.0327 

0.0328 

0.0329 

0.0329 

0.0330 

0.0331 

0.0332 

0.0333 

0.0333 

0.0334 

0.0335 

0.0335 

0.0336 


0.0140 

0.0138 

0.0137 

0.0135 

0.0134 

0.0133 

0.0131 

0.0130 

0.0129 

0.0127 

0.0126 

0.0125 

0.0124 

0.0123 

0.0122 


0. 

0. 

0.0111 

0.0 
0.0 
0.0 
0.0 
0.0107 


0.0102 

0.0101 

0.0101 

0.0100 

0.0099 

0.0099 

0.0098 

0.0097 

0.0096 

0.0096 

0.0095 

0.0094 

0.0094 

0.0093 

0.0092 

0.0092 

0.0091 

0.0091 

0.0090 

0.0089 

0.0089 

0.0088 

0.0088 

0.0087 

0.0087 


0.0298 

0.0299 

0.0301 

0.0302 

0.0303 

0.0304 

0.0306 

0.0307 

0.0308 

0.0309 

0.0310 

0.0311 

0.0312 

0.0313 

0.0314 

0.0315 

0.0316 

0.0317 


0.0320 

0.0321 

0.0322 

0.0322 

0.0323 

0.0324 

0.0325 

0.0326 

0.0327 

0.0327 

0.0328 

0.0329 

0.0330 

0.0331 

0.0331 

0.0332 

0.0333 

0.0333 

0.0334 

0.0335 

0.0336 

0.0336 

0.0337 

0.0338 

0.0338 

0.0339 

0.0340 

0.0340 

0.0341 

0.0341 

0.0342 

0.0343 

0.0343 

0.0344 

0.0344 

0.0345 

0.0346 


17.07 

16.91 

16.75 

16.60 

16.44 


0.6564 

0.6610 

0.6655 

0.6697 

0.6739 

0.6779 

0.6818 

0.6857 

0.6894 

0.6930 

0.6965 

0.6999 

0.7032 

0.7064 

0.7096 

0.7127 

0.7157 

0.7187 

0.7216 

0.7244 

0.7272 

0.7299 

0.7326 

0.7352 

0.7377 

0.7403 

0.7427 

0.7451 

0.7476 

0.7498 

0.7521 

0.7544 

0.7566 

0.7687 

0.7609 

0.7630 

0.7860 

0.7670 

0.7690 

0.7710 

0.7729 

0.7748 

0.7767 

0.7785 

0.7803 

0.7621 

0.7838 

0.7856 

0.7873 

0.7869 

0.7906 

0.7922 

0.7938 

0.7963 

0.7969 

0.7984 

0.7999 

0.8014 

0.8028 

0.8043 


IMAG. 

MODULUS 

■rameail 

0.2894 

0.7174 

23.79 

0.2862 

0.7203 

23.41 

0.2831 

0.7232 

23.05 

0.2801 

0.7260 

22.70 

0.2771 

0.7287 

22.36 

0.2743 

0.7313 

22.03 

0.2714 

0.7339 

21.71 

0.2687 

0.7364 

21.40 

0.2659 

0.7389 

21.10 

0.2633 

0.7413 

20.80 

0.2607 

0.7437 

20.52 

0.2582 

0.7460 

20.25 

0.2557 

0.7482 

19.98 

0.2533 

0.7505 

19.72 

0.2509 

0.7527 

19.47 

0.2486 

0.7548 

19,23 

0.2463 

0.7569 

18.99 

0.2441 

0.7590 

18.76 

0.2419 

0.7611 

18.53 

0.2398 

0.7631 

18.31 

0.2377 
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